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The AutomaZic Performance Trade-off Computer program (APT) descr ibed  h e r e i n  

w a s  des igned ,  coded, and debugged whi le  Northrop w a s  under a f i x e d  p r i c e  c o n t r a c t  

(NMB-30509) ts MSFC. The Cont rac t ing  O f f i c e r ' s  Represen ta t ive  throughout t h e  

study has been  Mr. B i l l  Goldsby of t h e  F l i g h t  Mechanics Branch, Program Develop- 

meas% D i r e c t o r a t e ,  

The a u t h o r s  would l i k e  t o  acknowledge M r .  Goldsby and t h e  members 

s staff for t h e i r  h e l p f u l  suppor t  i n  provid ing  performance d a t a  and f o r  

t h e h  t e c h n i c a l  c o n t r i b u t i o n s  t o  t h e  des ign  of t h e  program. 
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ABSTRACT 

This  r e p o r t  d e s c r i b e s  a computer program which r e t r i e v e s  s t o r e d  d a t a  and 

determines v a r i a t i o n s  i n  launch v e h i c l e  performance as a f u n c t i o n  of mission 

and v e h i c l e  parameters .  

s o p h i s t i c a t e d  launch v e h i c l e  op t imiza t ion  programs. This  program w a s  developed 

as a t o o l  f o r  miss ion  planning pe rmi t t i ng  an i n s t a n t  response c a p a b i l i t y  f o r  

pre l iminary  problem a n a l y s i s .  

The d a t a  s t o r e d  by t h e  program w e r e  genera ted  by 

Catalogzng techniques developed f o r  v a r i o u s  miss ions  are descr ibed .  These 

techniques de te rmine  t h e  p o i n t s  which must be s t o r e d  f o r  a p a r t i c u l a r  mission.  

Large q u a n t i t i e s  of d a t a  f o r  v a r i o u s  launch v e h i c l e s  have been s t o r e d  i n  t h e  

program and by using i n t e r p o l a t i o n  and e x t r a p o l a t i o n  techniques new d a t a  may be 

genera ted  from t h i s  s t o r e d  informat ion .  

i v  
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. "  Section I 
SI 

1.1 BACKGROUND 

The need f o r  quick response by mission p lanners  and t h e  l a r g e  amounts of 

opthum performance d a t a  t h a t  have been generated f o r  a number of launch v e h i c l e s  

a f  interest has  r e s u l t e d  i n  t h e  NASA r eques t  (RFQ DCN 1-7-21-0002) f o r  a quick 

retrieval system f o r  surveying optimum performance v a r i a t i o n s  due t o  mission 

and vehicle v a r i a t i o n s .  Described i n  t h i s  f i n a l  t e c h n i c a l  r e p o r t  i s  t h e  Auto- 

m a t i c  Performance Trade-off (APT) computer program which is  Northrop 's  response 

(under NAS8-30509) t o  t h e  NASA need. To s a t i s f y  t h e  needs of mission p lanners  

such a system should  have t h e  fol lowing c h a r a c t e r i s t i c s .  

e f f i c i e n t l y  c a t a l o g  and s t o r e  informat ion  from optimum launch v e h i c l e  trajec- 

eories i n  l a r g e  data banks. 

Plhese d a t a  and by us ing  numerical  techniques expand t h e i r  range of u se fu lness .  

F i n a l l y ,  i t  should  d i s p l a y  t h e s e  d a t a  i n  several formats  each of which have been 

des igned  t o  maximize t h e  immediate use fu lness  of t h e  d a t a  t o  a p a r t i c u l a r  miss ion  

p l a n n b g  func t ion .  

s a t i s f i e s  t h e s e  requirements .  

F i r s t ,  i t  should 

Secondly, i t  should be  a b l e  t o  quick ly  retrieve 

The Northrop Automatic Performance Trade-off program completely 

The b e n e f i t s  t o  t h e  miss ion  p lanners  from such a system are many fo ld :  

The e f f i c i e n t  u t i l i z a t i o n  of t h e  APT program w i l l  t end  t o  e l i m i n a t e  
w a s t e f u l  d u p l i c a t i o n  i n  t h e  gene ra t ion  of performance d a t a  i n  connec- 
t i o n  w i t h  miss ion  planning ac t iv i t ies .  Thus, t h e  ca t a log ing  and s t o r a g e  
system formal ly  g i v e s  a permanent "home" t o  any generated da ta .  This  
w i l l  e l i m i n a t e  t h e  n e c e s s i t y  of running most performance v a r i a t i o n  pre- 
d i c t i o n  cases because s u f f i c i e n t l y  a c c u r a t e  d a t a  f o r  a11 reasonable  
d a t a  p o i n t s  can be  found by i n t e r p o l a t i o n  and e x t r a p o l a t i o n  of e x i s t i n g  
numbers i n  t h e  s t o r a g e  bank. 

Because of t h e  g e n e r a l i t y  of t h e  n u n e r i c a l  t echniques ,  d a t a  t r e n d s ,  and 
prograii  l o g i c ;  newly evolving launch v e h i c l e s  can  be convenient ly  added 
t o  t h e  s t o r a g e  banks by running a minimum number of s e l e c t e d  optimum 
t r a j e c t o r i e s  f o r  d a t a  p o i n t s .  

The program can be asked t o  d i s p l a y  t h e  e x t e n t  and l i m i t a t i o n s  of i t s  
d a t a  w i t h  r e s p e c t  t o  any o r  a l l  of t he  launch v e h i c l e s  and a f i g u r e  of 
merit i s  a v a i l a b l e  f o r  a l l  ex t r apo la t ed  payload numbers. 

1-1 
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e I n  addi$ ion ,  i f ,  (1) d a t a  p o i n t s  e x i s t  f o r  t h e  v e h i c l e s  of i n t e r e s t ,  
and (2) all v e h i c l e  and mission v a r i a t i o n s  are reasonable;  t hen ,  a l l  
mission p l anne r s  a s s o c i a t e d  wi th  a given s tudy  can be immediately 
provided wi th  new performance d a t a  - i n  a format s t reaml ined  f o r  t h e i r  
immediate needs - whenever s tudy  ground r u l e s  change. It is  be l ieved  
t h a t  t h i s  qu ick  response w i l l  be  of major importance i n  many s t u d i e s  
and allow p lanne r s  t o  concen t r a t e  on more s u b t l e  a s p e c t s  of t h e  s tudy .  

1 2  OBJECTIVES 

The scope OE work as s t a t e d  i n  t h e  c o n t r a c t  (NAS8-30509) w a s  t o  devise  a 

computerized technique  by which s t o r e d  d a t a  generated From a s o p h i s t i c a t e d  

l aunch  v e h i c l e  t r a j e c t o r y  op t imiza t ion  program can be  speed i ly  transformed i n t o  

meaningful  i n fo rma t ion  about  s p e c i f i c  parameters  and v e h i c l e  c h a r a c t e r i s t i c s  

$or immediate u s e  by mission a n a l y s t s .  

The o b j e c t i v e s  of t h i s  s tudy  as s p e c i f i e d  i n  t h e  c o n t r a c t  are: 

To d e v e l o p  a technique  i n  which s t o r e d  d a t a  t h a t  is genera ted  from a 
s o p h i s t i c a t e d  launch v e h i c l e  t r a j e c t o r y  op t imiza t ion  program may b e  
s p e e d i l y  t ransformed i n t o  meaningful in format ion  about s p e c i f i c  miss ions  
and vehicles f o r  immediate use  by t h e  miss ion  a n a l y s t s  and p lanners .  

To e n a b l e  t h e  a n a l y s t  t o  economically and qu ick ly  gene ra t e  new d a t a  
(via i n t e r p o l a t i o n  and/or  e x t r a p o l a t i o n  w i t h i n  t h e  d a t a  bank) on 
s p e c i f i e d  v e h i c l e s  and missions.  

To p rov ide  an e f f i c i e n t  method of ca t a log ing  and r e t a i n i n g  previous ly  
compiled or newly genera ted  performance information.  

To p rov ide  an  e f f i c i e n t  and concise  re t r ieval  system f o r  t r a j e c t o r y /  
performance d a t a .  

B 

1.3 REPORT ORGANIZATION 

I n  f u l f i l l i n g  s p e c i f i c  o b j e c t i v e s  and expected r e s u l t s  of t h e  c o n t r a c t ,  

most of t h e  work t a s k s  d e a l t  w i th  t h e  d e t a i l e d  des ign  and o rgan iza t ion  of t h e  

program l o g i c  based  on known numerical  techniques as opposed t o  b a s i c  r e sea rch  

i n t o  devis ing  new i n t e r p o l a t i o n  o r  e x t r a p o l a t i o n  techniques.  For t h i s  reason 

th i s  f i n a l  technical documentation of t h e  work accomplished d e a l s  h e a v i l y  wi th  

a p r e c i s e  d e s c r i p t i o n  of t h e  program des ign ,  how i t  works, and how i t  can be  

used.  I n  S e c t i o n  11 of t h e  r e p o r t  a d e t a i l e d  d i scuss ion  of t h e  b a s i c  program 

c a p a b i l i t i e s  is p resen ted .  I n  t h i s  d i scuss ion ,  t h e  program o b j e c t i v e s  and t h e  

r e s u l t i n g  d e s i g n s  of t h e  b a s i c  r o u t i n e s  are presented.  I n  Sec t ion  111, t h e  

1-2 
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numerical techn$ques used i n  t h e  program are discussed.  

sion is  given since l e n g t h l y  documentations of t h e  methods are a v a i l a b l e  else- 

where. I n  S e c t i o n  I V ,  t h e  r e s u l t s ,  conc lus ions ,  and recommendations der ived  

froni t h e  s tudy  axe presented .  

re ferences .  

wh i l e  Appendix B g i v e s  a d e t a i l e d  d e s c r i p t i o n  of t h e  ca t a log ing  and s t o r a g e  

methods. 

Only a b r i e f  d i scus-  

Sec t ion  V i s  a b ib l iography of p e r t i n e n t  

Appendix A con ta ins  an o v e r a l l  d e s c r i p t i o n  of t h e  computer program, 

Appendix C p r e s e n t s  a d e f i n i t i o n  of requi red  i n p u t s  and a d e s c r i p t i o n  

of how t o  set up t h e  deck. 

Appendix E is a program l i s t i n g .  

Appendix D 'con ta ins  some sample computer runs  -and 

1- 3 
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Section !I 
4 

The Automatic Performance Trade-off (APT) computer program desc r ibed  i n  

t h i s  r e p o r t  has  t h e  c a p a b i l i t y  of qu ick ly  r e t r i e v i n g  payload informat ion  f o r  

lam& v e h i c l e s .  This informat ion  is s t o r e d  i n  l a r g e  d a t a  banks i n  t h e  program. 

The in fo rma t ion  is r e t r i e v a b l e  f o r  va r ious  mission parameters  ( launch azimuth, 

o r b i t a l  a l t i t u d e ,  a scen t  p r o f i l e )  and v e h i c l e  parameters  ( t h r u s t ,  ISP ,  and s t a g e  

weight). The payloads are t h e  optimum values  f o r  t hose  p a r t i c u l a r  sets of m i s -  

sion and v e h i c l e  parameters  f o r  which they are s t o r e d .  These d a t a  are obta ined  

from s o p h i s t i c a t e d  launch v e h i c l e  op t imiza t ion  programs. 

Informat ion  is  a l s o  s t o r e d  f o r  determining a s t a g e  impact trace as a 

f u n c t i o n  of miss ion  parameters.  This  in format ion  is a l s o  obta ined  from t h e  

launch v e h i c l e  op t imiza t ion  programs. 

These d a t a  can quick ly  be r e t r i e v e d  from t h e  d a t a  bank. By us ing  i n t e r -  

p o l a t i o n  and e x t r a p o l a t i o n  techniques  new informat ion  can be  generated.  

The program w a s  designed s o  t h a t  t h e  d a t a  banks could e a s i l y  and quick ly  

be modi f ied .  Appendix B desc r ibes  t h e  procedure f o r  accomplishing t h i s .  Each 

vehicle, f o r  which informat ion  is  t o  be  s t o r e d ,  has  a s e p a r a t e  d a t a  bank. This  

makes t h e  program independent of t h e  v e h i c l e .  Information can be s t o r e d  f o r  one, 

t w o  or t h r e e  s t a g e  v e h i c l e s .  For  informat ion  on t h e  v e h i c l e s  a v a i l a b l e  as w e l l  

as the s p e c i f i c  d a t a  s t o r e d  f o r  each v e h i c l e  see Appendix C ,  Sec t ion  5. 

The fol lowing sub-sect ions d e s c r i b e  i n  d e t a i l  t h e  s p e c i f i c  miss ions  t h a t  

t h e  program can handle  a t  p re sen t .  A d e t a i l e d  d i scuss ion  is g iven  on t h e  

c a t a l o g i n g  procedures  used f o r  s t o r i n g  d a t a  on t h e  v a r i o u s  miss ions .  

The primary o b j e c t i v e  of t h e  program i s  t o  determine performance e f f e c t s  

on launch  v e h i c l e s  due t o  v a r i a t i o n s  i n  mission parameters  (e .g .  o r b i t a l  a t t i -  

tude ,  launch azimuth, and a scen t  p r o f i l e )  and i n  v e h i c l e  parameters  ( t h r u s t ,  

2-1 
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I S P ,  s t a g e  weight ) .  The p a r t i c u l a r  missions f o r  which performance v a r i a t i o n s  

'can b e  obta ined  are: 
1 

ea Low Ear th  O r b i t s  

- C i r c u l a r  

- E l l i p t i c a l  

P o l a r  O r b i t s  . 

- C i r c u l a r  

- E l l i p t i c a l  

High energy miss ions  

Synchronous o r b i t s .  

The p o l a r  o r b i t s  are no t  inc luded  i n  t h e  low e a r t h  o r b i t  category.  This is 

because a yaw s t e e r i n g  maneuver is  used i n  achiev ing  p o l a r  o r b i t s .  The ca t a log ing  

techniques  and t h e  independent parameters f o r  each miss ion  are d iscussed  i n  d e t a i l  

i n  t h e  fo l lowing  subsec t ions .  

It w i l l  be  no t i ced  i n  t h e  fol lowing d i scuss ion  t h a t  t he  cut-off weight t o  

a low e a r t h  o r b i t  is t h e  a c t u a l  quan t i ty  s t o r e d .  The program has  t h e  c a p a b i l i t y  

of g iv ing  t h e  u s e r  t h e  cut-off weight ,  g ross  payload o r  n e t  payload. 

2.1 PAYLOAD DETERMINATION FOB MISSION PARAMETER VARIATIONS 

2.1.1 Low Earth Orbit 

2.1.1.1 C i r c u l a r  O r b i t s .  The l o w  e a r t h  c i r c u l a r  o r b i t s  are de f ined  h e r e  t o  be  

t h o s e  o r b i t s  whose a l t i t u d e s  range from 100 t o  500 n m i .  These o r b i t s  are 

achieved by d i r e c t  i n j e c t i o n  wi th  no yaw s t e e r i n g .  

cut-off  weight f o r  c i r c u l a r  o r b i t s  is  a f u n c t i o n  of launch azimuth and o r b i t a l  

a l t i t u d e .  

For  a given v e h i c l e ,  t h e  

Due t o  range s a f e t y  r e s t r i c t i o n s ,  only t h e  spectrum of launch azimuths of 

45 t o  145 degrees  has been considered.  

f o r  a f i x e d  launch azimuth t h e  v a r i a t i o n  i n  cut-off weight as a func t ion  of a l t i -  

tude  can be represented  wi th  s u f f i c i e n t  accuracy by only  f i v e  d a t a  p o i n t s .  

d a t a  p o i n t s  which were sexec ted  are t h e  cut-off weights  f o r  a l t i t u d e s  of 100, 

200, 300, 400 and 500 n m i .  S i m i l a r l y ,  i t  w a s  found t h a t  payload v a r i a t i o n  as 

a f u n c t i o n  of launch azimuth f o r  a f i x e d  a l t i t u d e  can a l s o  be r ep resen ted  by 

It w a s  found e a r l y  i n  the s tudy  t h a t  

The 

2-2 
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f i v e  d a t a  p o i n t s .  The d a t a  p o i n t s  s e l e c t e d  are launch azimuths of 45, 65, 90, 

120,  and 145 degrees .  Therefore ,  t h e  b a s i c  technique used r e q u i r e s  t h a t  25 

d a t a  po in t s  be  s t o r e d  t o  g i v e  adequate  coverage f o r  low e a r t h  c i r c u l a r  o r b i t  

missions. A l s o  s t o r e d  are t h e  f i v e  va lues  of a l t i t u d e  and t h e  f i v e  va lues  of 

launch azimuth. 

t h e  cut-off weight for any d e s i r e d  launch azimuth and o r b i t a l  a l t i t u d e  can b e  

obta ined  by i n t e r p o l a t i o n .  

d 

Table 2-1 shows a t y p i c a l  example. Using t h e  s t o r e d  d a t a ,  

A s  a consequenee of t h e  i n t e r p o l a t i o n  method used, i t  is  no t  necessary  t o  

have equal  spac ing  between t h e  va lues  of t h e  independent v a r i a b l e s  as can b e  

seen Zn t h e  s e l e c t i o n  of t h e  launch azimuth p o i n t s .  Ne i the r  is i t  necessary  

that t h e  d a t a  p o i n t s  be  s t o r e d  f o r  t h e  p a r t i c u l a r  va lues  of t h e  independent 

v a r i a b l e s  c i t e d  above. It i s  impor tan t ,  however, t h a t  d a t a  p o i n t s  b e  s t o r e d  

f o r  a launch azimuth of 90 degrees  s i n c e  t h i s  is  approximately t h e  azimuth a t  

w h i c h  t h e  m a x i m u m  cart-off weight i s  achieved. 

A t  least f i v e  p o i n t s  i n  a l t i t u d e  and f i v e  p o i n t s  i n  azimuth should be  used 

i n  s e t t i n g  up t h e  basic cut-off weight ma t r ix ,  It is  necessary  t o  reduce t h e  

error i n  i n t e r p o l a t i n g  w i t h i n  t h i s  ma t r ix  t o  a very  low va lue .  

t h i s  same matrix is used i n  determining cut-off  weights  f o r  t h e  e l l i p t i c a l  

o r b i t s  and h igh  energy miss ions  as w i l l  be  d iscussed  later. 

This  i s  because 

The o r d e r  of the i n t e r p o l a t i o n  used i n  a g iven  d i r e c t i o n  i s  one less than  

t h e  number of independent  v a r i a b l e  p o i n t s  f o r  t h a t  d i r e c t i o n .  

i n t e r p o l a t i o n  is  t h e  l a r g e s t  p o s s i b l e  o rde r  f o r  n+l p o i n t s .  For  t h e  example 

c i ted here ,  t h e  o r d e r  i n  each d i r e c t i o n  is fou r  (4 ) .  By spacing t h e  d a t a  as 

This  nth o r d e r  

d e s c r i b e d , i t  w a s  found t h a t  t h e  e r r o r  i n  i n t e r p o l a t i o n  w a s  less than  a t e n t h  

of one percent .  Good r e s u l t s  were a l s o  obta ined  f o r  e x t r a p o l a t i n g  s h o r t  d i s -  

t a n c e s  beyond t h e  data bank. 

2.1.1.2 E l l i p t i c a l  O r b i t s .  The low earth e l l i p t i c a l  o r b i t s  are cons t r a ined  i n  

a l t i t u d e ,  launch azimuth, and a scen t  p r o f i l e  i n  t h e  same manner as t h e  c i r c u l a r  

o r b i t s .  

as w a s  used f o r  t h e  c i r c u l a r  o r b i t s ,  would r e q u i r e  t h e  u s e  of t h r e e  independent 

v a r i a b l e s .  These independent  v a r i a b l e s  are launch azimuth, pe r igee  a l t i t u d e ,  

To s t o r e  data f o r  t h i s  mission class na ive ly  us ing  t h e  same technique  
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Table 2-1. CUTOFF WEIGHT AS A FUNCTION OF LAUNCH AZIMUTH AND 
CIRCULAR ORBIT ALTITUDE 

SATURN V TWO STAGE VEHICLE 

LAUNCH 
AZIMUTH 
(DEGREES) 

45 

65 

90 

120 

145 

100 
CIRCULAR ORBIT ALTITUDE (n mi) 

200 300 400 500 

CUTOFF WEIGHT (POUNDS) 

363886 323586 271788 216087 162728 

' 372498 

376720 

3 30 7 49 

334257 

277246 

279906 

219924 

221794 

165237 

166447 

371151 329633 276395 219332 164840 

358873 319411 268593 213836 161240 
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and apogee a l t i t ,ude .  

f u n c t i o n  of t h e s e  independent ‘*,LALsieters a much s impler  technique  was devised.  

However. Pfter examining d a t a  f o r  t h e  cut-off weight  as a 
. >  . 

I ”  

For a f i x e d  p e r i g e e  a l t i t u d e ,  t h e  decrease  i n  cut-off weight is a l i n e a r  func- 

t i o n  of apogee a l t i t u d e ,  f o r  t h e  a l t i t u d e  range p rev ious ly  s p e c i f i e d .  

shows t h e  l i n e s  f o r  several d i f f e r e n t  v a l u e s  oE p e r i g e e  a l t i t u d e .  It w a s  found t h a t  

t h e  s lopes  of t h e s e  l i n e s  d i d  no t  change as a f u n c t i o n  of launch azimuth. There- 

f o r e ,  t h e  only d a t a  p o i n t s  s t o r e d  f o r  t h i s  problem are t h e  s l o p e s  of t h e s e  l i n e s .  

F igu re  2-1 

The s l o p e  v a l u e s  are s t o r e d  f o r  t h e  a l t i t u d e  va lues  used i n  t h e  c i r c u l a r  

o r b i t  case, A z e r o  i s  used f o r  t h e  s l o p e  va lue  corresponding t o  t h e  h i g h e s t  

a l t i t u d e  used. The o rde r  of i n t e r p o l a t i o n  is  set t o  one less than  t h e  number 

of a l t i t u d e  p o i n t s  s t o r e d .  

The fo l lowing  procedure i s  used t o  determine t h e  cut-off weight t o  any low 

e l l i p t i c a l  e a r t h  o r b i t  of a g iven  pe r igee  and apogee a l t i t u d e .  

i s  t o  determine t h e  cut-off weight (CSC) t o  a c i r c u l a r  o r b i t  o r  p e r i g e e  a l t i -  

tude .  This  i s  done using t h e  cut-off ma t r ix  desc r ibed  previous ly .  The second 

s t e p  is t o  de te rmine  t h e  a p p r o p r i a t e  s l o p e  (SLOPE) v a l u e  f o r  t h e  g iven  pe r igee  

a l t i t u d e .  

The d e s i r e d  cu t -of f  weight (CWE) i s  then  obta ined  by: 

The f i r s t  s t e p  

This  is  done by i n t e r p o l a t i n g  t h e  s l o p e  and p e r i g e e  a l t i t u d e  a r r a y s .  

CWE = CWC 4- SLOPE (ALTA-ALTP) 

where ALTA = apogee a l t i t u d e  

ALTP = p e r i g e e  a l t i t u d e  

2.1.1.3 

The program w i l l  make an  estimate of t h e  cut-off weight f o r  p e r i g e e  i n j e c t i o n  

i n t o  a low e l l i p t i c a l  e a r t h  o r b i t  and then  c i r c u l a r i z i n g  a t  apogee. 

Pe r igee  I n j e c t i o n  i n t o  an E l l i p t i c a l  O r b i t  and C i r c u l a r i z i n g  a t  Apogee. 

This  esti- 

mate is based 

equat ion .  To 

t h e  s p e c i f i e d  

2.1.1.2. The 

CWEC 

on t h e  mass change c a l c u l a t e d  by t h e  c h a r a c t e r i s t i c  v e l o c i t y  

do t h i s  t h e  program f i r s t  determines t h e  cut-off weight  CWE f o r  

e l l i p t i c a l  o r b i t  us ing  t h e  procedure descr ibed  i n  subsec t ion  

payload f o r  c i r c u l a r i z i n g  a t  apogee CWEC is  then  ob ta ined  by: 

= CWE EXP [-AVJISP”CG] 

2-5 
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where AV = a i r e d  c i r c u l a r i z i n g  v e l o c i t y  change 

ISP = S p e c i f i c  impulse 

G = G r a v i t y  cons tan t .  

2.1.2 Polar Orbits 
P o l a r  o r b i t s  are achieved by execut ing a yaw s t e e r i n g  maneuver a t  some 

time, t ,  a f t e r  l i l t - o f f .  This  yaw maneuver cont inues a t  a f ixed  rate u n t i l  po la r  

o r b i t  i s  achieved, 

for t h i s  problem. Two separate da ta  banks are used; one corresponding t o  t h e  

launch azimuth of 45 degrees  and t h e  o t h e r  f o r  t h e  145 degree launch azimuth. 

The program w i l l  o t  i n t e r p o l a t e  between azimuths f o r  t h i s  problem. 

Only launch azimuths of 45 and 145 degrees  w e r e  considered 

2-1.2.1 C i r c u l a r  P o l a r  Orb i t s .  The range of a l t i t u d e s  considered f o r  c i r c u l a r  

p o l a r  o r b i t s  w a s  from 100 t o  500 n m i .  The program is equipped t o  handle  t h r e e  

d i f f e r e n t  yaw s t e e r i n g  t i m e s .  

produce t h e  maxinrs%m payload. The cut-off weight m a t r i x  is then generated as a 

f u n c t i o n  of a l t i c a d e  and t i m e  of yaw s t e e r i n g  i n i t i a t i o n .  This  cut-off weight 

m a t r i x  is c o n s t r u c t e d  l i k e  t h e  one shown i n  Figure 2-1 f o r  c i r c u l a r  o r b i t s  w i th  

no yaw s t e e r i n g .  This  matrix is s t o r e d  along wi th  t h e  p a r t i c u l a r  va lues  of 

a l c i t u d e  and yaw s t e e r i n g  t i m e .  Then t h e  cut-off  weight f o r  any a l t i t u d e  and 

yaw t i m e  can b e  ob ta ined  bb i n t e r p o l a t i o n .  

The rate of yaw s t e e r i n g s  i s  t h a t  ra te  which w i l l  

2-1.2.2 E l l i p t i c a l  P o l a r  O r b i t s .  The range of pe r igee  and apogees f o r  e l l i p t i -  

cal o r b i t s  has  the  same range as t h e  c i r c u l a r  o r b i t s .  For f i x e d  yaw t i m e  and 

pe r igee  a l t i t u d e  the cut-off weight w a s  found t o  vary l i n e a r l y  wi th  apogee 

a l t i t u d e .  

no yaw s t e e r i n g ,  The same c h a r a c t e r i s t i c s  of those  curves apply here .  It w a s  

found t h a t  t h e  slopes of t h e s e  l i n e s  were independent of t he  t i m e  t h a t  yaw 

s t e e r i n g  began. Yherefore ,  on ly  f i v e  p o i n t s  have t o  be s to red .  These s l o p e  

p o i n t s  correspond 20 t h e  a l t i t u d e s  used f o r  c i r c u l a r  o r b i t .  

t h e  s lope  va lue  at t h e  h i g h e s t  a l t i t u d e .  

less than t h e  n w h r  of a l t i t u d e  p o i n t s  s t o r e d .  

F igu re  2-1 shows a t y p i c a l  example f o r  t h e  low e l l i p t i c a l  o r b i t s  w i th  

A zero i s  inpu t  f o r  

The order  of i n t e r p o l a t i o n  used is one 

2-7 
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The fo l lowing  procedure i s  used t o  deter ic ine t h e  cut-off weight t o  a n  

e l l i p t i c a l  pola'k o r b i t  wi th  a given pe r igee  and apogee. 

launch azimuth and yaw s t e e r i n g  t i m e .  

o f f  weight (CIJPC) t o  a c i r c u l a r  o r b i t  wi th  pe r igee  a l t i t u d e  as p rev ious ly  

d i scussed .  Then t h e  s l o p e  (SLOPEP) corresponding t o  t h e  given p e r i g e e  a l t i t u d e  

i s  determined. The d e s i r e d  cut-off  weight (CWPE) is  then  obtained by: 

This  i s  f o r  a f i x e d  

The f i r s t  s t e p  i s  t o  determine t h e  cu t -  

CWPE = ClJPC + SLOPEP (ALTA-ALTP) 

where ALTA = apogee a l t i t u d e  

ALTP = per igee  a l t i t u d e .  

2.1.3 High Energy Missions 

High energy miss ions  are those  where t h e  r equ i r ed  V i s  Viva energy 

c o n s t a n t  , C 3 ,  (twice t h e  t o t a l  geocen t r i c  energy pe r  u n i t  mass) h a s  been 

s p e c i f i e d  a long  with a r i g h t  ascens ion  and d e c l i n a t i o n  of t h e  outgoing asymptote. 

I n t e r p l a n e t a r y  missions are t y p i c a l l y  s p e c i f i e d  i n  t h i s  manner. The C miss ions  

considered by t h e  program f i r s t  proceed t o  a low c i r c u l a r  e a r t h  o r b i t .  It i s  

assumed t h a t  t h e  a b s o l u t e  va lue  of t h e  d e c l i n a t i o n  of t h e  outgoing asymptote 

I S [  i s  s u f f i c i e n t l y  s m a l l  t o  a l low a p l a n e r  C i n s e r t i o n  burn. Under t h i s  

assumption and wi th  proper  t iming,  t h e  engines  are r e i g n i t e d  and cont inue  t o  

burn u n t i l  t h e  v e h i c l e  has  achieved t h e  des igna ted  C va lue .  Thus, as f a r  

as t h e  APT program is concerned,a C va lue  completely s p e c i f i e s  t h e  out  of 

o r b i t  phase of  a h igh  energy mission.  

3 

3 

3 

3 

Therefore ,  f o r  a f ixed  launch azimuth and park ing  o r b i t  a l t i t u d e ,  t h e  

payload w a s  inves t iga . ted  as a func t ion  of C It w a s  found t h a t  t h e  f r a c t i o n  

of the  park ing  o r b i t  cut-off  weight remaining when t h e  des i r ed  C 

is  a smooth func t ion  of C (F igure  2-2). This  curve w a s  found t o  be  independent 

o f  launch azimuth. 

of 100 n m i .  

3' 
w a s  achieved 3 

3 
The program s t o r e s  t h i s  curve f o r  a parking o r b i t  a l t i t u d e  

The program uses  t h e  fo l lowing  procedure t o  determine t h e  cut-off 

weight t o  any C f o r  a g iven  launch azimuth. F i r s t ,  t h e  data s t o r e d  f o r  low 

e a r t h  c i r c u l a r  o r b i t s  are used t o  determine t h e  cut-off  weight (CWC) t o  
3 
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park ing  o r b i t .  

mentioned c u w e " f o r  t h e  des igna ted  C 

i n s e r t i o n  (CWCs) is then  

Then t h e  weight f r a c t i o n  G(C ) i s  obta ined  from t h e  above 3 
The des i r ed  cut-off weight a t  C 3 3' 

CWC3 = CWC G(C3) .  

On some of the l a r g e r  v e h i c l e s  considered i t  w a s  found t h a t  f o r  energy 

levels g r e a t e r  t h a n  a c e r t a i n  C v a l u e  t h e  a l t i t u d e  of t h e  parking o r b i t  

changed. 

S t o r e d  i n  the  program are two separate weight f r a c t i o n  curves .  One curve 

car responds  t o  C v a l u e s  be fo re  t h e  c r i t i ca l  C v a l u e  and t h e  o t h e r  curve 

cor responds  t o  C v a l u e s  e q u a l  t o  and g r e a t e r  t han  t h e  c r i t i ca l  value.  Data 

are also s t o r e d  50 t h a t  t h e  optimum park ing  o r b i t  a l t i t u d e  can be c a l c u l a t e d  

for C g r e a t e r  than t h e  c r i t i ca l  va lue .  

3 
This  change i n  a l t i t u d e  i s  necessary  t o  i n c r e a s e  t h e  f i n a l  payload. 

3 3 

3 

3 

2.1.4 Synchronous Orbit 
The program 5s capable  of handl ing payload informat ion  f o r  bo th  t h e  e a r t h  

e q u a t o r i a l  synchronous o r b i t  and i n c l i n e d  o r b i t s  wi th  synchronous o r b i t  a l t i t u d e s .  

A I 1  of t h e s e  o r b i t s  proceed f i r s t  by d i r e c t  i n j e c t i o n  w i t h  RO yaw s t e e r i n g  t o  a 

108 n m i  c i r c u l a r  parking o r b i t .  

o r b i t ,  t h e  program can perform an a d d i t i o n a l  service f o r  t h i s  mission.  

program wi l l ' ca lcu la te  launch  azimuth o p p o r t u n i t i e s  s o  t h a t  a s p e c i f i e d  

l o n g i t u d e  (hover  p o i n t )  w i l l  be  obta ined  f o r  t h e  f i n a l  o r b i t .  

of c o a s t s  and the t i m e  i n  o r b i t  i s  c a l c u l a t e d  f o r  t h e  r e s p e c t i v e  launch 

azimuths.  

Besides c a l c u l a t i n g  a payload t o  t h e  f i n a l  

The 

The number 

The cut-off  weight  t o  a 100 n m i  c i r c u l a r  park ing  o r b i t  i s  s t o r e d  as a 

f u n c t i o n  of l aunch  azimuth. The spectrum of  launch azimuths range from 45 

to 3.45 degrees .  The cut-off  weight t o  park ing  o r b i t  f o r  any launch azimuth 

is then  obta ined  by i n t e r p o l a t i o n .  The cut-off weight (CWSO) i n  t h e  f i n a l  o r b i t  

Is obta ined  from t h e  cut-off  weight (CWPO) t o  park ing  o r b i t  by: 

CWSO = CWPO EXP[-AV/ISP GI 

2-10 
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where AV = r e q q i r e d  v e l o c i t y  change 

ISP = spec%fic  impulse 

G = g r a v i t y  cons t an t .  

The a p p r o p r i a t e  v e l o c i t y  changes are obta ined  assuming a Hohmann t r a n s f e r  

between o r b f t s  = 

For t h e  earth e q u a t o r i a l  synchronous o r b i t ,  a 2 ,5  degree p l ane  change 

was performed Ikav ing  park ing  o r b i t .  

at apogee. 

f i n a l  o r b i t .  

The remaining p l ane  change i s  removed 

This maneuver r e s u l t s  i n  ob ta in ing  t h e  maximum payload i n  t h e  

The r equ i r ed  AV i s  given by: 

Av = - & - cos(2.5")  

where R 1  = radius t o  100 n m i  parking o r b i t  (KM) 

R2 = r a d i u s t o  synchronous o r b i t  a l t i t u d e  (KM) 
1-! = 39860.2 KM3/SEC2 
i = i n c l i n a t i o n  of parking o r b i t  (degrees)  
K d m  

RI -!- 2.2 

For the  i n c l i n e d  o r b i t  w i th  synchronous o r b i t  a l t i t u d e  no p l ane  change 

i s  required.  The re fo re ,  bo th  t h e  ang le s  i n  t h e  above AV equat ion  are zero.  

so 9 

where t h e  v a r i a b l e s  are de f ined  as before .  

From a c t u a l  r u n s  t h e  exponen t i a l  term i n  t h e  equa t ion  i s  determined. 

This  number is ehen u s e d . a s  a c o r r e c t i o n  f a c t o r  on t h e  t h e o r e t i c a l  va lue .  

A s e p a r a t e  number i s  ob ta ined  f o r  both types  of o r b i t s .  These numbers a r e  

2-11 
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s t o r e d  along w i t h  t h e  cut-off weight f o r  t h e  p a r t i c u l a r  v e h i c l e .  

are computed f o r  a launch azimuth of 90 degrees  and assumed t o  hold  over  t h e  

spectrum of 45 t o  145 degrees .  

These numbers 
t 

When a long i tude  i s  s p e c i f i e d  f o r  t he  f i n a l  o r b i t ,  t h e  program w i l l  

c a l c u l a t e  t he  launch azimuth o p p o r t u n i t i e s  and determine t h e  number of  c o a s t s  

r equ i r ed  i n  t h e i r  corresponding 100 n m i  parking o r b i t .  Departure from t h e  

park ing  o r b i t  occurs  a t  e i t h e r  t h e  ascending o r  descending nodes. 

mined is  the  t i m e  from i n j e c t i o n  i n t o  t h e  parking o r b i t  t o  t h e  f i r s t  des- 

cending node and t h e  t i m e  from t h i s  node t o  depar ture .  

p o r t i o n  of t h e  program were taken from r e f e r e n c e  2 .  

ALSO de te r -  

The d a t a  used f o r  t h i s  

2.2 PAYLOAD DETERMlNATiON FOR VARIATIONS IN VEHICLE PARAMETERS 

Each v e h i c l e  i s  desc r ibed  i n  i t s  r e s p e c t i v e  d a t a  b lock  by t h r e e  parameters  

f o r  each s t age .  

impulse,  and d r y  s t a g e  weight.  

changes i n  any of t h e s e  parameters  are p red ic t ed  by psuedo-par t ia l  d e r i v a t i v e s  

of payload wi th  r e s p e c t  t o  each  parameter ,  

c a l l e d  exchange r a t i o s .  

These t h r e e  parameters  are i n i t i a l  t h r u s t  level,  s p e c i f i c  

The e f f e c t s  of performance v a r i a t i o n s  due t o  

These psuedo-par t ia l  d e r i v a t i v e s  are 

The exchange r a t i o  f o r  a p a r t i c u l a r  v e h i c l e  parameter i s  obta ined  by 

va ry ing  t h i s  vehicle parameter  and hold ing  a l l  o t h e r  miss ion  and v e h i c l e  

parameters  cons t an t .  The v a l u e  of t h e  exchange r a t i o  i s  then  t h e  v a r i a t i o n  

i n  payload d iv ided  by t h e  change i n  v e h i c l e  parameter (F igure  2-3). 

v a r i a t i o n s  i n  t h e  v e h i c l e  parameters  are kep t  s m a l l  s o  t h a t  t h e  r e s u l t i n g  

v a r i a t i o n  is payload i n  l i n e a r .  

The 

Exchange r a t i o s  are s t o r e d  as a f u n c t i o n  of  a l t i t u d e  f o r  low c i r c u l a r  

e a r t h  o r b i t s  and  a func t ion  of  C f o r  h i g h  energy miss ions .  3 

The exchange r a t i o s  a l s o  have t o  be determined as a f u n c t i o n  of  v e h i c l e  

These exchange curves  are found t o  be independent of launch azimuth. s t a g e .  

These exchange r a t i o s  are then s t o r e d  as a f u n c t i o n  of s t a g e  and miss ion  

parameter.  The corresponding miss ion  parameter v a l u e s  are a l s o  s t o r e d .  

2-12 
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L n t e q o l a f i o a  o r  e x t r a p o l a t i o n  can then  b e  used t o  determine the  exchange r a t i o  

f o r  any  specif t ied s t a g e  a t  any a l t i t u d e  o r  energy. 

g iven  amount of change i n  t h e  v e h i c l e  parameter equa l s  t h e  product  of  t h e  

exdiange ratio times t h e  amount of change. 

The payload change f o r  a 

Care should  be taken i n  us ing  t h e s e  exchange r a t i o s .  

The v a r i a t i o n s  i n  payload can only  

The l i m i t s  i n d i c a t e d  

f o r  each  v a r i a b l e  should no t  be exceeded. 

be assumed Idnear between t h e  given limits. 

2.2.1 Thrust 
The v a r i a t i o n s  i n  t h r u s t  were - + 5 pe rcen t  of t h e  nominal v a l u e  on each 

stage, FOP those  s t a g e s  w i t h  programed t h r u s t  l eve l  changes as a func t ion  of 

time, the  ent i re  t h r u s t  cu rve  was inc reased  by 5 Fercent .  

Specific impulse 

%e v a r i a t i o n s  i n  ISP were - f 5 seconds i n  t h e  f i r s t  s t a g e  and - f 10 

seconds in the upper s t a g e s .  

2.2.3 Stage Weight 

The v a r i a t i o n s  i n  s t a g e  weight were - f 5 pe rcen t  f o r  t h e  lower s t a g e s .  

For the l a s t - s t a g e  t h i s  exchange r a t i o  i s  -1. 

s t m c t u r e  wegght t h e r e  is  a l o s s  of one pound of payload. 

Thus, f o r  each pound of 

2.3 STAGE IMPACT TRACE 

It is necessa ry  t o  know t h e  p o i n t  t h a t  t h e  v e h i c l e  would i m p a c t  t h e  e a r t h  

i f  the engines  f a i l e d  b e f o r e  o r b i t a l  o r  escape v e l o c i t y  i s  obta ined .  The 

program can s t o r e  s u f f i c i e n t  d a t a  t o  determine an  impact p o i n t  trace as a 

func&ion of eng ine  f a i l u r e  t i m e  f o r  t h e  v a r i o u s  miss ions .  Two s e p a r a t e  methods 

are used f o r  handl ing:  (1) t he  cases w i t h  no yaw s t e e r i n g  and (2)  t hose  wi th  

yaw s t e e r i n g  (Polar  O r b i t s ) .  The program p r e s e n t l y  w i l l  handle  only impact 

traces f o r  v a r i a t i o n s  i n  mission parameters  us ing  nominal v a l u e s  of t h e  v e h i c l e  

parameters  . 

For if g i v e n  set of miss ion  parameters, t he  l a t i t u d e  and long i tude  of t h e  

stage impact p o i n t  as a func t ion  of t i m e  w a s  ob ta ined  from t h e  ROBOT deck 
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(ref. IO). 
%%Et-off were then curve  f i t t e d  s e p a r a t e l y  us ing  t h e  method of least squares .  

"he r e s u l t k g  c o e f f i c i e n t s  were then  s t o r e d  i n  the  program. It w a s  found t h a t  

a s k t h - o r d t x  polynomial i s  a good f i t  f o r  both t h e  l a t i t u d e  and long i tude  

pohts. By casing this method, t h e  number of p o i n t s  that had t o  be s t o r e d  w a s  

xeduced considerably.  

These l a t i t u d e  and long i tude  p o i n t s  as  a func t ion  of  t i m e  a f t e r  

T deck has  t h e  c a p a b i l i t y  o f  c a l c u l a t i n g  t h e  i m p a c t  p o i n t  of a 

weh2cle on  a s p h e r i c a l  e a r t h .  This  c a l c u l a t i o n  i s  made a t  each t i m e  s t e p  i n  

&he integrafzton of the ascent t r a j e c t o r y .  

i n t e g r a t i n g  trhe b o o s t e r ' s  t r a j e c t o r y  back t o  t h e  ground. 

trajeceories back would r e q u i r e  an  unacceptable  number of runs  t o  o b t a i n  s u f f i c e n t  

5nTormation eor  a l l  miss ions .  The r e s u l t s  from t h e  two method were s u f f i c i e n t l y  

c b s e  so t h a t  t h e  p r e d i c t i o n s  by t h e  former method w e r e  used. 

The program i s  a l s o  capable  of 

I n t e g r a t i n g  t h e  

S ince  a s p h e r i c a l  e a r t h  i s  used i n  c a l c u l a t i n g  t h e  impact p o i n t s ,  a s i n g l e  

miethcrd w a s  devised  t o  handle  t h e  t r a c e s  as a func t ion  of launch azimuth. This  

meerhcrd i s  g w d  f a r  t r a j e c t o r i e s  where no yaw s t e e r i n g  i s  used. For a g iven  set 

a€ miss ion  parameters t h e  c o e f f i c i e n t s  of t h e  l a t i t u d e  and long i tude  curve  f i t s  

are s t o r e d .  These p o i n t s  are taken f o r  a launch azimuth of 90 degrees .  The 

2mgaet t r aee . co r re spond ing  to  any o t h e r  launch azimuth can  be obta ined  by 

rotating t h e  90 degree  trace about a n  axis through t h e  launch s i t e  t o  t h e  c e n t e r  

m€ t h e  earthli .  The  a n g l e  through which t h e  trace i s  r o t a t e d  i s  equal  t o  t h e  

difference 3x1 t h e  two launch azimuths.  

The folePowing r o t a t i o n s  are requ i r ed  t o  o b t a i n  t h e  impact trace f o r  any 

Xauacfk a z i w t h  from t h e  90 degree  trace, see Figure  2-4. 

here 

- X = C o h m i z  ma t r ix  f o r  t h e  components of t h e  impact p o i n t  f o r  t h e  90 degree 
trace a t  any t i m e  t e 
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y l l l  

X 

z I l l  

Figure 2-4. ANGLES USED IN DETERMINING TRANSFORMATION MATRIX FOR 
CALCULATING STAGE IMPACT TRACES 
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T (e (1 ) )  = R o t a t i o n a l  matrix about  t h e  Z-axis through a n  angle  0 ( l ) .  Z - - 
(1) SJ r e f e r s  t o  a n g l e s  a s s o c i a t e d  wi th  t h e  90 degree  trace. 

and 
I XI' = T ( - i ( l ) ) X  =X - 

where (2) = r e f e r s  t o  a n g l e s  a s s o c i a t e d  w i t h  the  d e s i r e d  launch azimuth. 

Therefore  t h e  d e s i r e d  i m p a c t  po in t  i s  found bg: 

The va lues  of i(1) and 0 ( l )  are 28.37 and 9 . 4 3  degrees  r e spec t ive ly .  The 
I I1 value f o r  w(1) w a s  found by r o t a t i n g  t h e  launch s i g h t  p o i n t s  on t o  t h e  X 

coord ina te  system and t ak ing  t h e  angle  between t h e  r e s u l t i n g  X and Y components. 

Refer r ing  t o  Figure 2-4,  i t  can  be seen t h a t :  

where AZ = d e s i r e d  launch azimuth. 

Therefore  t h e  d e s i r e d  impact p o i n t  can  be found by: 

where 

A = t r anspose  of - - - 
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The matrices and are s t o r e d  i n  t h e  program and only t h e  ma t r ix  2 (AZ-90) - -X - 

h a s  t o  be computed each t i m e .  The r e s u l t s  ob ta ined  us ing  t h i s  method are i n  

e x c e l l e n t  agreement w i t h  d a t a  taken from a c t u a l  ROBOT runs .  

2.3.1 Low Earth Orbits 

2.3.1.1 Circu1a.r O r b i t s .  The low e a r t h  c i r c u l a r  o r b i t s  are achieved by d i r e c t  

i n j e c t i o n  wi th  no yaw s t e e r i n g .  The c o e f f i c i e n t s  of t h e  l a t i t u d e  and long i tude  

curves are s t o r e d  as a func t ion  of o r b i t a l  a l t i t u d e  f o r  a launch azimuth of 90 

degrees .  The a l t i t u d e s  u s u a l l y  correspond t o  those  used i n  t h e  payload de te r -  

mina t ion .  

desc r ibed  method. I n t e r p o l a t i o n  can  be used t o  g e t  t h e  trace f o r  any a l t i t u d e .  

The trace f o r  any launch azimuth can  be obta ined  us ing  t h e  prev ious ly  

2.3.1.2 E l l i p t i c a l  Orb i t s .  

w i t h  no yaw s t e e r i n g .  It w a s  found t h a t  t h e  impact traces f o r  an e l l i p t i c a l  

o r b i t  f o r  a f i x e d  pe r igee  v a r i e d  only s l i g h t l y  from t h e  one f o r  a c i r c u l a r  o r b i t  

w i t h  pe r igee  a l t i t u d e .  Therefore  t h e  e l l i p t i c a l  impact traces are handled by 

us ing  t h e  d a t a  for  t h e  c i r c u l a r  o r b i t s .  The program i n t e r p o l a t e s  on a l t i t u d e  

t o  o b t a i n  t h e  c o r r e c t  p e r i g e e  a l t i t u d e  and r o t a t e s  t h e  trace t o  t h e  des igna ted  

launch  azimuth. 

These o r b i t s  are a l s o  obta ined  by d i r e c t  i n j e c t i o n  

, 

2.3.2 Polar Orbits 

2.3.2.1 C i r c u l a r  O r b i t s .  A d i f f e r e n t  technique from t h e  one desc r ibed  p rev ious ly  

i s  used t o  de te rmine  t h e  impact traces f o r  p o l a r  o r b i t .  S ince  a yaw s t e e r i n g  

maneuver is  used during t h e  a scen t  a n  a d d i t i o n a l  v a r i a b l e  must be  considered.  

The c o e f f i c i e n t  f o r  t h e  l a t i t u d e  and long i tude  curve f i t s  are s t o r e d  as a 

f u n c t i o n  of c i r c u l a r  o r b i t a l  a l t i t u d e  and t h e  t i m e  yaw s t e e r i n g  began. The 

impact p o i n t  f o r  any t i m e  is  then obtained by i n t e r p o l a t i o n .  

2.3.2.2 E l l i p t i c a l  Orb i t s .  The v a r i a t i o n  between t h e  impact traces t o  a n  

e l l i p t i c a l  p o l a r  o r b i t  and t o  a c i r c u l a r  p o l a r  o r b i t  of pe r igee  a l t i t u d e  w a s  

very s l i g h t .  Therefore  t h e  traces t o  e l l i p t i c a l  p o l a r  o r b i t s  are c a l c u l a t e d  

u s i n g  t h e  d a t a  f o r  c i r c u l a r  p o l a r  o r b i t s .  

correspond t o  t h e  des igna ted  pe r igee  va lue .  

The a l t i t u d e  i s  i n t e r p o l a t e d  t o  
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23.3 High Energy Missions 

A l l  t h e * h i g h  energy missions considered proceed f irst  through a c i r c u l a r  

srking o r b i t .  The program w i l l  p r e s e n t l y  handle an impact trace t o  a 100 n m i  

p a r k i n g  o r b i t .  The c o e f f i c i e n t s  of t h e  l a t i t u d e  and long i tude  curve f i t s  are 
slfored as a f u n c t i o n  of t h e  energy. These traces are obta ined  f o r  a launch 

5muth of 90 degrees .  The impact trace f o r  any launch azimuth is  obta ined  by 

r o t a t i n g  t h e  s t o r e d  trace as descr ibed  previous ly .  

a. given  energy is obta ined  by i n t e r p o l a t i o n .  

The change i n  t h e  trace f o r  

-4 Synchronous Orbits 
A l l  synchronous o r b i t s  considered by t h e  program proceed through a 

n m i  c i r c u l a r  parking o r b i t .  The c o e f f i c i e n t s  of t h e  l a t i t u d e  and longi -  

t d e  curves  are s t o r e d  f o r  a launch azimuth of 90 degrees .  The v a r i a t i o n  i n  

impact trace due t o  a change i n  launch azimuth i s  handled by r o t a t i n g  t h i s  

trace as d e s c r i b e d  previous ly .  
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Section I l l  

3.1 BASIC METHOD 

The Lagrange method of i n t e r p o l a t i n g  w a s  s e l e c t e d  f o r  t he  program. One. 

of t h e  major r e a s a n s  f0.r s e l e c t i n g  t h i s  method w a s  t h a t  i t  does n o t  r e q u i r e  

e q u a l  spacing between consecut ive  v a l u e s  of t h e  independent v a r i a b l e .  This  

f e a t u r e  alscs allows t h e  Lagrange method t o  be  r e a d i l y  used f o r  i nve r se  i n t e r -  

p o l a t i o n .  

independent variables. 

d e n t  of which independent v a r i a b l e  was i n t e r p o l a t e d  f o r  f i r s t .  

The method w a s  e a s i l y  programmed and extended t o  handle several 

The v a l u e  of  t h e  dependent v a r i a b l e  obta ined  is indepen- 

This  method f i t s  an nth degree polynomial through t h e  n-t-1 p o i n t s  formed 

by t h e  dependent and independent v a r i a b l e s .  

m a t e s  t h e  func t ion  through t h e  da t a  p o i n t s  and can be used f o r  i n t e r p o l a t i o n  

and ex t r apo la t ion .  

a n a l y s i s  books, see re fe rences  3, 4 ,  or 6 .  

The r e s u l t i n g  polynomial approxi- 

A d e r i v a t i o n  of t h i s  formula can be found i n  most numerical  

3.2 MU L T l - ~ ~ ~ E ~ ~ ~ ~ ~ A  L 1 NTE R POLAT 1 ON 
A multi-dimensional i n t e r p o l a t i o n  subrou t ine  w a s  developed which can 

handle  up t o  four  independent v a r i a b l e s .  The r o u t i n e  i s  supp l i ed  with 

independent and dependent v a r i a b l e  a r r a y s ,  t h e  number of p o i n t s  i n  each a r r a y ,  

the orde r  of i n t e r p o l a t i o n  d e s i r e d ,  and t h e  v a l u e s  of t h e  independent v a r i a b l e  

€or which a r e s u l t  i s  t o  be ob ta ined ,  The l a r g e s t  o r d e r  of  i n t e r p o l a t i o n  

a l lowab le  for  n p o i n t s  i s  n-1. The program i s  designed t o  use  Lagrange's 

method t o  i n t e r p o l a t e  o r  e x t r a p o l a t e  f o r  a p a r t i c u l a r  va lue  of t h e  dependent 

v a r i a b l e .  There is also a f e a t u r e  such t h a t  t h e  c o e f f i c i e n t s  f o r  some poly- 

nomial  can be supp l i ed  t o  t h i s  r o u t i n e  through t h e  dependent v a r i a b l e s  a r r a y .  

The des i r ed  dependent v a r i a b l e  is  then  obta ined  by r a i s i n g  t h e  given v a l u e  of 

the independent v a r i a b l e  t o  t h e  a p p r o p r i a t e  powers and mul t ip ly ing  them by 

the corresponding C o e f f i c i e n t s .  

i 
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Th:: r o u t i n e  w i l l  handle  a combination of t h e  above methods. I n  doing t h i s  

-the c a e f f : e i e n i s  o€ t h e  curve  f i t  must be t h e  f i r s t  independent v a r i a b l e  suppl ied .  

See  A p ; L d i x e s  I3 and C f o r  d e s c r i p t i o n  of t h e  d a t a  s t o r a g e  system and inpu t  

d e s c r i p t i o n ,  r e s p e c t i v e l y .  This  w a s  developed t o  handle  s t a g e  impact traces. 

Tue impact p o i n t s  are curve f i t t e d  as a f u n c t i o n  of engine  f a i l u r e  t i m e  and 

t h e  c o e f f i c i e n t s  are s t o r e d  as a func t ion  of mission parameters  such as a l t i t u d e  

o r  energy. 

3.3 FIGURE OF MERIT 

A s  prev ious ly  d iscussed ,  payload t o  any a l t i t u d e  o r  azimuth i s  computed 

by i n t e r p o l a t i n g  and e x t r a p o l a t i n g  i n  a s t o r e d  a r r a y  of da t a .  

have  shown t h a t  t h e  Lagrange i n t e r p o l a t i o n  formula can  determine payloads 

w i t h i n  t h e  array t h a t  are accura t e  t o  0.1 pe rcen t  o r  less. This  e r r o r  i s  

smal-2 enough t o  d i s r ega rd .  This  accuracy i s  obtained by us ing  t h e  l a r g e s t  

o r d e r  of i n t e r p o l a t i o n  poss ib l e .  

Empir ical  r e s u l t s  

E m p i r i c a l  r e s u l t s  have a l s o  shown t h a t  t h e  Lagrange Formula when used 

t o  e x t r a p o l a t e  o u t s i d e  t h e  a r r a y  produces e r r o r s  as g r e a t  as s i x  percent .  

,ids e r r o r  occur red  a t  one spacing o u t s i d e  t h e  d a t a  bank i n  t h e  a l t i t u d e  

d i r e c t i o n .  The spac ing  i n  a l t i t u d e  i s  100 n m i .  Payloads computed by extra- 

p o l a t i o n  a r e . o n l y  accep tab le  when t h e  errar l i m i t s  can be  p red ic t ed  t o  a 

t o l e r a n c e  of - f 2 pe rcen t .  

computed because t h e  h ighe r  d e r i v a t i v e  of payload wi th  r e s p e c t  t o  azimuth o r  

a l t i t u d e  is n o t  known. Seve ra l  techniques w e r e  de r ived  t o  p r e d i c t  t h i s  e r r o r  

and  e s t a b l i s h  a f i g u r e  of m e r i t .  The most favorable  of t h e s e  schemes i s  

desc r ibed  below. 

The s tandard  Lagrange remainder term cannot be 

A g r i d  of payloads as a func t ion  of launch azimuth and c i r c u l a r  o r b i t a l  

a l t i t u d e  w a s  genera ted  us ing  a two-stage Sa turn  V veh ic l e .  

ranged from 100 t o  500 n m i  w i th  an  average d e l t a  of 100 n m i .  h u n c h  azimuth 

ranged from 45 t o  145 degrees  wi th  an average  d e l t a  of 20 degrees .  The mean 

e r r o r  encountered i n  e x t r a p o l a t i n g  t o  an  a l t i t u d e  of 600 n m i  f o r  a l l  azimuths 

w a s  found t o  be 5.5 pe rcen t .  S i m i l a r l y ,  t h e  e x t r a p o l a t i o n  e r r o r  f o r  azimuths 

of 0 t o  180 degrees  w a s  found t o  be 1 percent .  

The a l t i t u d e  
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The f i g u r e  of m e r i t  i s  computed assuming t h a t  t h e  e r r o r  i n c r e a s e s  l i n e a r l y  

i n  each  of the"twCp independent v a r i a b l e s .  

were used t o  de te rmine  the  s l o p e s  f o r  t h e  e r r o r  curves. The t o t a l  e r r o r  i s  

thus t h e  sum of t h e  t w o  e r r o r s .  This va lue  is p resen ted  as t h e  f i g u r e  of 

merit and i s  p r i n t e d  only when t h e  p r e d i c t e d  v a l u e  exceeds 2 percent .  

The e m p i r i c a l  d a t a  mentioned above 
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4.1 RESULTS AND CONCLUSIONS 

The p r i n c i p a l  r e s u l t  o f  t h e  s tudy  w a s  t he  des ign ,  c o n s t r u c t i o n ,  and de- 

bugging of t h e  Automatic Performance P r e d i c t i o n  (APT) computer program. The 

s u c c e s s f u l  development of t h e  program s a t i s f i e s  t h e  s tudy  o b j e c t i v e s  given i n  

subsec t ion  1.2 i n  every r e s p e c t .  

From the s tudy ,  i t  has  been shown t h a t  e x c e l l e n t  r e s u l t s  can  be obta ined  

from a computer program of t h i s  na tu re .  

mining bo th  payload informat ion  and s t a g e  impact traces. The ca t a log ing  

techniques  developed f o r  t h e  va r ious  missions w i l l  b e  extremely u s e f u l  i n  

gene ra t ing  d a t a  f o r  a new vehicle. 

The program performs w e l l  i n  de t e r -  

The s tudy  showed t h a t  d a t a  from op t imiza t ion  programs could  be s t o r e d  

and numer ica l  methods used t o  i n t e r p o l a t e  o r  e x t r a p o l a t e  f o r  new da ta .  The 

error due t o  i n t e r p o l a t i o n  f o r  payload as a func t ion  of launch azimuth and 

circular o r b i t a l  a l t i t u d e  w a s  c o n s i s t e n t l y  less than a t e n t h  of a pe rcen t .  

The speed w i t h  which t h e  program performs makes i t  a ve ry  u s e f u l  t o o l  f o r  

p re l imina ry  miss ion  s t u d i e s .  The program has t h e  c a p a b i l i t i e s  of being 

expanded i n  t h e  f u t u r e  t o  handle  problems i n  d i f f e r e n t  areas. 

s tudy ing  t h e  problems i n  r e l a t e d  areas, i t  appears  t h a t  s i m i l a r  t echniques  can 

be  used  f o r  s t o r i n g  and r e t r i e v i n g  u s e f u l  information.  

By s y s t e m a t i c a l l y  

4.2 R ECOM ME N DAT i ONS 

The fo l lowing  recommendations are made f o r  i n c r e a s i n g  t h e  use fu lness  of 

t h e  program t o  t h e  mission p lanner .  These recommendations, i f  implemented, 

w i l l  g i v e  t h e ' p l a n n e r  t h e  c a p a b i l i t y  of f a s t e r  response t o  problems from con- 

c e p t i o n  t o  t h e  f i n a l  r e p o r t s .  

Develop i n t o  t h e  program t h e  c a p a b i l i t y  t o  c a l l  s o p h i s t i c a t e d  launch 
v e h i c l e  op t imiza t ion  programs. Thus, when searching  f o r  in format ion  
which l ies a t  a l a r g e  d i s t a n c e  o u t s i d e  t h e  da t a  bank, t h e  op t imiza t ion  
programs would be c a l l e d .  Runs could then  be  made us ing  t h e  
op t imiza t ion  decks t h a t  would i n c r e a s e  t h e  d a t a  bank t o  t h e  a p p r o p r i a t e  
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s i ze .  The a p p r o p r i a t e  s i z e  would be where t h e  e r r o r  encountered by 
i n t e r p o t a t i o n  and e x t r a p o l a t i o n  would be accep tab le .  
generated would then be s t o r e d  f o r  f u t u r e  use .  

Another u s e  f o r  t h i s  f e a t u r e  would be wi th  new v e h i c l e s .  Here t h e  
appropr i a t e  v e h i c l e  d a t a  could be  suppl ied  a long  wi th  t h e  types  of 
missions t o  be considered.  A da ta  spectrum would then be generated 
f o r  a g iven  mission i n  accordance wi th  t h e  ca t a log ing  techniques  
prev ious ly  def ined.  These da t a  could then be s t o r e d  f o r  f u t u r e  use.  
This o p t i o n  would reduce human e r r o r  t o  a minimum. 
would g r e a t l y  i n c r e a s e  the  mission p l a n n e r ' s  response c a p a b i l i t y  f o r  
pre l iminary  s t u d i e s .  

o It is recommended t h a t  a conve r sa t iona l  mode be added t o  t h e  program. 
This f e a t u r e  would a l l o w  t h e  u s e r  t o  communicate wi th  t h e  program and 
wodd  a l low t h e  program t o  be used by more people  by e l i m i n a t i n g  t h e  
t i m e  r e q u i r e d  t o  s tudy  program d o c m e n t a t i o n .  

With a c o n v e r s a t i o n a l  mode t h e  program would proceed i n  the  fo l lowing  
mamer. I n i t i a l l y ,  t h e  program would d i s p l a y  t h e  program's major op t ions  
i n  sequence t o  t h e  u s e r .  The u s e r  could select t h e  d e s i r e d  op t ions  by 
input through a typewr i t e r .  A f t e r  s e l e c t i n g  t h e  va r ious  op t ions ,  t h e  
prragram would then  d i s p l a y  t h e  corresponding informat ion  s t o r e d  f o r  t h e  
var ious  v e h i c l e s .  The u s e r  would then  select  t h e  appropr i a t e  v e h i c l e s .  
The program, s tepwise ,  would show t h e  use r  how t o  i n p u t  va lues  f o r  t h e  
mission and  v e h i c l e  parameter  cases f o r  which d a t a  are des i r ed .  
program would then determine t h e  des i r ed  numbers by i n t e r p o l a t i n g  and 
e x t r a p o l a t i n g .  The program would then  d i s p l a y  output  op t ions  which are 
avaZlable .  Th i s  p rocess  could be repea ted  u n t i l  t h e  u s e r  has  so lved  
h i s  p a r t i c u l a r  problem. This  type of mode could a l s o  be connected t o  
t h e  s t o r a g e  banks. 
i n  how t o  s t o r e  h i s  d a t a  f o r  f u t u r e  use.  

A t  present, t h e  program only ou tpu t s  us ing  a s tandard  p r i n t e r .  The 
inco rpora t ion  of t h e  u s e  of o t h e r  types  of ou tput  devices  would enhance 
t h e  use fu lness  of t h e  program. The a d d i t i o n  of p l o t t i n g  r o u t i n e s  could  
be  used t o  show t r e n d s  i n  v e h i c l e  performance. They could a l s o  be used 
t o  show impact trace on a graph of t h e  e a r t h .  The use  of an o s c i l l o s c o p e  
output  would b e  h e l p f u l  i n  connect ion wi th  t h e  c o n v e r s a t i o n a l  mode. 
The ou tpu t  mode would a l s o  al low t h e  use r  t o  see h i s  r e s u l t s  be fo re  
having them p r i n t e d .  

This  in format ion  

The ga in  i n  e f f i c i e n c y  

The 

Then the  u s e r  could be g iven  d e t a i l e d  i n s t r u c t i o n s  
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A.1 GENERAL 
The program w a s  w r i t t e n  us ing  FORTRAN I V  language. It r e q u i r e s  a machine 

of  at l eas t  32,000 words of c o r e  and t h e  system must have an ove r l ay  f e a t u r e .  

The program p r e s e n t l y  accep t s  ca rd  inpu t .  

A.2 MACRO FLOW CHART 

Figure  A - l  shows t h e  v a r i o u s  op t ions  a v a i l a b l e  i n  t h e  program. I n  each 

block is t h e  s u b r o u t i n e  name which corresponds t o  t h e  v a r i o u s  op t ions .  

A . 3  DATA BANK 

Through the subrou t ine  BANK, t h e  a p p r o p r i a t e  d a t a  bank i s  loaded i n t o  

co re .  F igure  A-2 is  a diagram d e p i c t i n g  how t h e  d a t a  banks are l i n k e d  t o  t h e  

program. 

The d a t a  s t o r e d  by t h e  program i s  i n  BLOCK DATA subrou t ines .  Each BLOCK 

DATA r o u t i n e  c a n t a i n s  a l l  t h e  informat ion  on a p a r t i c u l a r  veh ic l e .  

one s e t  of  v e h i c l e  d a t a  i s  needed i n  c o r e  a t  any one t i m e ,  t he  BLOCK DATA 

r o u t i n e s  a r e . o v e r l a y e d .  

S ince  only 

Only execu tab le  sub rou t ines  o r  f u n c t i o n s  may be re ferenced  i n  an ove r l ay  

s t r u c t u r e .  Therefore ,  t h e  fo l lowing  technique w a s  used t o  a s s u r e  loading  of 

t h e  d e s i r e d  block d a t a  r o u t i n e .  

r e f e r e n c e  s u b r o u t i n e  which causes  no program a c t i o n  b u t  does d e f i n e  a n  over lay  

o r i g i n  po in t .  

r e f e r e n c e  Subrout ine.  This  c a l l  causes  t h e  informat ion  i n  t h e  block d a t a  

r o u t i n e  t o  be Xoaded wi th  t h e  over lay  segment def ined  by the  r e fe rence  subrout ine .  

Behind each block d a t a  r o u t i n e  i s  p laced  a 

The main program executes  a c a l l  t o  t h e  a p p r o p r i a t e  v e h i c l e  
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E31 GENERAL 

The ca t a log ing  techniques  descr ibed  p rev ious ly  determine what in format ion  

p 
kG . - s o r t e d  i n  BLOCK DATA subrout ines .  By s t o r i n g  t h e  d a t a  i n  t h i s  manner i t  was not  

$,- necessary  t o  develop programs t o  write and read  d a t a  from a t ape .  With t h i s  

k% 

will be  s t o r e d  f o r  a g iven  mission.  The informat ion  making up a d a t a  bank is  

. method i t  i s  v e r y  easy t o  make c o r r e c t i o n s  and a d d i t i o n s  t o  t h e  d a t a  banks. 

b 

A BLOCK DATA r o u t i n e  con ta ins  a l l  t h e  informat ion  t o  be  s t o r e d  f o r  one 

p a r t i c u l a r  veh ic l e .  

B .2 I NST R U CT I 0 N S 

The fo l lowing  d i c t i o n a r y  g ives  a b r i e f  d e s c r i p t i o n  of each FORTRAN v a r i a b l e  

under  which d a t a  are s t o r e d  i n  the  d a t a  banks.  Beside each FORTRAN v a r i a b l e  

. i i v  the c2ctual mission parameters  upon which i t  i s  f u n c t i o n a l l y  dependent. 

A l s o  l i s t e d  is  t h e  maximum dimension allowed f o r  t h e  v a r i a b l e .  A l l  t h e  FORTRAN 

v a r i a b l e s  are s i n g l y  subsc r ip t ed ,  f o r  easier program handl ing  of a r r a y s .  

variable type is  a l s o  i n d i c a t e d .  An F d e s i g n a t e s  f l o a t i n g  p o i n t ,  a n  I des igna te s  

i n t e g e r ,  and a n  A des igna te s  alphameric.  

The 

Consider t h e  d a t a  f o r  t h e  dependent v a r i a b l e  t o  b e  represented  by a l a r g e  

ma t r ix ,  A .  L e t  t h e  independent v a r i a b l e  a r r a y s  b e  X1, X2,  and X 3 .  Here X 1 ,  

f o r  example ,  could r ep resen t  a l t i t u d e s  of 100 t o  500 n m i .  Then t h e  d a t a  f o r ,  

A(X1, X2, X 3 )  is  s t o r e d  f o r  t h e  f i r s t  independent v a r i a b l e  (here  X l )  vary ing  

t h e  fastest and t h e  l a s t  independent v a r i a b l e  (here  X 3 )  vary ing  t h e  s lowes t .  

To i l l u s t r a t e  how d a t a  are input;consider t h e  f i r s t  set  of v a r i a b l e s  

desc r ibed  i n  t h e  d i c t i o n a r y  which fo l lows .  These v a r i a b l e s  are NX, N O W ,  X, 

and F1. Assume t h a t  t h e r e  had been 6 launch azimuths and 3 a l t i t u d e s .  The X 

a r r a y  would then  c o n s i s t  of 6 va lues  of launch azimuth followed by t h r e e  va lues  

nf alt:'c;-ude. The v a r i a b l e s  are inpu t  i n  i n c r e a s i n g  o rde r .  The va lue  of NX(1)  
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and NX(2)  would,tbe 6 and 3, r e s p e c t i v e l y .  

mst be less t h a n  o r  equa l  t o  25.  

of t h e  independent v a r i a b l e s  must be l e s s  than o r  equal  t o  t h e  dimension f o r  

Ehe  dependent v a r i a b l e  a r r a y .  

r e s p e c t i v e l y .  Thus set NORXCl)  = 5 and N O n X ( 2 )  = I. The values f o r  the 

dependent v a r i a b l e  zre inpu t  i n  accordance w i t h  the above s t a t a n e n t .  Here 

azimuth and a l t i t u d e  correspond t o  t h e  f i r s t  and second s u b s c r i p t s  r e s p e c t i v e l y .  

Far our  examples t h e  f i r s t  s i x  va lues  o'f F1 would be  t h e  cut-off weights  of t h e  

first a l t i t u d e  v a l u e s  f o r  the s i x  va lues  of launch azimuth, The nex t  s i x  va lues  

would correspond t o  t h e  second a l t i t u d e  and a l l  launch azimuths.  This process  i s  

cont inued  u n t i l  the va lues  f o r  a l l  a l t i t u d e s  are i n p u t .  For this  example t h e r e  

would be 18 v a l u e s  of F1 corresponding t o  t h e  s i x  azimuth and t h r e e  a l t i t u d e  va lues .  

The product  of NX(1) w i t h  NX(2) 

The product  of the number of p o i n t s  of each 

The o rde r  of i n t e r p o l a t i o n  could be  5th and l s t ,  

To s t o r e  d a t a  f o r  t h e  s t a g e  impact traces t h e  fo l lowing  r u l e s  must be  

fol lowed.  The first independent v a r i a b l e  i s  t h e  t i m e  of engine f a i l u r e .  The 

c o e f f i c i e n t s  of t h e  impact p o i n t s  l a t i t u d e  and long i tude  curve f i t s  are inpu t  

for i n c r e a s i n g  powers of t i m e .  For exaxplc  l e t  the l a t i t u d e  = a 4- a t -t- a2t  4- 
2 

0 1 3 6 
a 3 t ... a6t . Then t h e  c o e f f i c i e n t s  are inpu t  i n  t h e  fo l lowing  o r d e r  a 0' 9' 

The i n p u t  has been d iv ided  i n t o  several s e c t i o n s  i n d i c a t e d  by h o r i z o n t a l  

bars. Above each s e c t i o n  is a b r i e f  d e s c r i p t i o n  of t h e  mission f o r  which t h e  

data is being s t o r e d .  

proper ly .  

All in format ion  must be inpu t  f o r  t h e  program t o  ope ra t e  

I f  t h e  maximum o r d e r  of i n t e r p o l a t i o n  i s  d e s i r e d  f o r  a p a r t i c u l a r  para- 

m e t e r ,  set t h e  a p p r o p r i a t e  FORTRAN v a r i a b l e  f o r  o r d e r  equal  t o  one less than  

the number of p o i n t s  f o r  t h a t  parameter.  
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B.3 DATA STOR E INPUT DICTIONARY 
I 

Variab le  Maximum 
N a m e  Fundt ion Dimens i o n  Desc r ip t ion  

Payload Determinat ion f o r  Low C i r c u l a r  Ea r th  O r b i t s  

NORX 

X ( A z h u t h  
A 1  t i t u d e )  

F1 (Azimuth, 
A 1  t i t u d e )  

2 (1) Number of launch azimuths used f o r  
payload de termina t ion  (I) 

(2) Number of c i r c u l a r  o r b i t  a l t i t u d e s .  
2 (1) Order of i n t e r p o l a t i o n  i n  t h e  

azimuth d i r e c t i o n .  (I) 
(2) Order of i n t e r p o l a t i o n  i n  t h e  

a l t i t u d e  d i r e c t i o n .  
Independent v a r i a b l e  a r r a y  f o r  payload 
de termina t ion  f o r  mission parameters .  
The f i r s t  NX(1) va lues  correspond t o  
azimuth and t h e  next  NX(2) va lues  cor re-  
spond t o  a l t i t u d e .  (E') 

c i r c u l a r  o r b i t s .  (F) 

(10) 

(25) Dependent a r r a y  of cu t -of f  weights  t o  

Paylaad Determinat ion f o r  Low E l l i p t i c a l  Ea r th  O r b i t s  

NXE Number of  p o i n t s  i n  t h e  SLOPE a r r a y .  (I) 
NORE Order of i n t e r p o l a t i o n  f o r  SLOPE. ( I )  
SLOPE (Pe r igee  (5) Slopes of t h e  payload ve r sus  apogee 

A 1  t i t u d e )  a l t i t u d e  l i n e s  as a f u n c t i o n  of pe r igee  
a l t i t u d e .  Pe r igee  a l t i t u d e  should cor re-  
spond t o  a l t i t u d e s  used i n  X a r r a y .  (F) 

S tage  Impact TRACE f o r  Low C i r c u l a r  Ea r th  Orbi t s*  

NXLLP (3) (1) Number of c o e f f i c i e n t s  s t o r e d  f o r  
t h e  s t a g e  impact p o i n t  ve r sus  engine 
f a i l u r e  t i m e .  S e t  equal  t o  7.  (I) 

(2) Number of a l t i t u d e s .  
XORLLP (3)  (1) Se t  equal  t o  7 .  (I) 

(2)  Order of i n t e r p o l a t 2 o n  f o r  a l t i t u d e  
d i r e c t i o n .  

XLLP (Engine c u t  (16) Input  7 zeroes  followed by NXLLP(2) 
o f €  t i m e  va lues  of t h e  a l t i t u d e s .  (F) 
a1 ti Cude) 

F2 (Enghe c35 1 C o e f f i c i e n t s  of t h e  impact p o i n t  l a t i t u d e  
c u t o f f  ve r sus  engine E a i l u r e  t i m e  curve f i t .  (F) 
t i m e  
a1 t f t u d e )  

cut-of f ve r sus  engine f a i l u r e  t i m e  curve f i t .  (F) 
t i m e ,  
a1 t f l tude)  

F3 (Engine (35) C o e f f i c i e n t s  of t h e  impact p o i n t  l ong i tude  

$'Input va lues  f o r -  a launch azimuth of 90 degrees .  
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payload Determination for High Energy Missions 

NXC3 

NORC3 

SLOPC (C3) 

C3COFF 

NSOPAL 
NORPAL 
SLOP& (C3) 

c2 1 (1) Number of points in SLOPC curve 
before critical C3 value.(I) 

(2) Number of points in SLOPC curve 
after critical C3 value. (I) 

(1) Order of interpolation for NXC3 (I) 
(2) Order of interpolation for NXC3(2) 
Fraction of cut-off weight to parking 
orbit left after burning to the desired 
C3. The first NXC3(1) values are deter- 
mined using a 100 n mi parking orbit. 
C3 value where parking orbit altitude 
changes from 100 n mi in order to in- 
crease payload at desired C3. (F) 
Number of points in the SLOPAL array (I) 
Order of interpolation of SLOPAL. (I) 
Dependent array for determining the 
optimum parking orbit altitude to get 
maximum payload to a C3 greater than 
C3COFF. (I?) 

(2 ) 

(15 1 

(F) 

(5 1 

Stage Impact Trace to Parking Orbit for High Energy Missions" 
NXLbC3 (3) (1) Number of coefficients for the 

NORLC3 

XLLC3 (Engine 
cut-off time, 
C3) 

C3) 

F 4  (Engine 
cut-off time, 

F5 (Engine 
cut-of f time 
C3) 

latitude curve fit. Set equal t o  7. (I) 
(2) Number of C 3  values. 

(3) (1) Order of interpolation for 

(2) Order of interpolation for 
NxLLC3(1) Set equal to 7. (I) 

NXLLC3 (2) e 

(15) Independent variable array. Input 7 
zeroes followed by NXLLC3(2) C3 values, 
(F) 

(70) Coefficients of the impact point latitude 
versus engine cut-off time curve fit. (F) 

(70) Coefficients of the impact point longitude 
versus engine cut-off time curve fi,t. (F) 

NXYPE** 

NORYPl 

Payload Determination to Circular Polar Orbits 

(2) (1) Number of altitudes. (I) 
(2) Number of different times that yaw 

steering begins. 
(2 1 (1) Order of interpolation for 

NXYPl(1). (I) 
(2) Order of interpolation for 

NXYPl(2). 

*Input values for a launch azimuth of 90 degrees. 
**Refers to a launch azimuth of 45 degrees. 
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I 

XYPl (Al t i tude ,  Time 
of ‘Yaw s t e e r i n g  
i n i t i a t i o n )  

F Y 1  (Al t i t ude  Time 
of Yaw S t e e r i n g  
i n i t i a t i o n )  

NxYP2 
NORYP2 
XYP 2 
FYll 

(8 1 Independent v a r i a b l e  a r r a y .  F i r s t  
ITAYPl(1) va lues  of a l t i t u d e  followed 
by NXYPl(2) va lues  of yaw t i m e s .  
Dependent a r r a y  of cut-off  weights  t o  
c i r c u l a r  p o l a r  o r b i t s .  (F) 

Defined as above f o r  a launch  azimuth 
145 degrees  

(25 1 

Payload Determinat ion t o  E l l i p t i c a l  Po la r  O r b i t s  

NXEYl** Number of p o i n t s  i n  t h e  SOPEYl a r r a y .  (I) 
NOEYl Order of i n t e r p o l a t i o n  of SOPEY1. .(I) 
SOPEyl (Perigee (5 ) Slopes of t h e  payload ve r sus  apogee 

a l t i t u d e  l i n e s  as a func t ion  of p e r i g e e  
a l t i t u d e .  Pe r igee  a l t i t u d e s  should 
correspond t o  t h e  a l t i t u d e s  used i n  

a l t i  turde) 

XYPl. (F) 
NXEY 2 Defined as above b u t  f o r  a launch azimuth 
NOEY2 of 145 degrees .  
SOPN2 

NXYLPl** 

NRYLPl 

XYLLPl 

FY2 

FY3 

Stage Impact TRACE t o  C i r c u l a r  Po la r  O r b i t s  

(3) (1) Number of c o e f f i c i e n t s  s t o r e d  for  
impact p o i n t  trace as a f u n c t i o n  of 
engine cut-off t i m e .  S e t  equal  7 .  (I) 

(2) Number of a l t i t u d e s  
( 3 )  Number of t i m e s  yaw s t e e r i n g  begun. 
(1) Order of i n t e r p o l a t i o n  f o r  

NXYLPl(1). S e t  equal  t o  7. (I) 
(2) Order of i n t e r p o l a t i o n  f o r  NXYLPl(2). 
(3)  Order of i n t e r p o l a t i o n  f o r  NXYLPl(3). 

(Time of engine (15) Independent v a r i a b l e  a r r ay .  Input  7 zeroes  
cu t -of f ,  a l t i t u d e ,  followed by NXYPl(2) va lues  of a l t i t u d e  
t i m e  yaw s t e e r i n g  followed by NXYP2(3) va lues  when yaw 
i n i t i a t e d  s t e e r i n g  was begun. (F) 
(T ime  of engine  (105) C o e f f i c i e n t s  of t h e  impact p o i n t  l a t i t u d e  
cu t -o f f ,  a l t i t u d e ,  ve r sus  engine cut-off time curve  f i t .  (F) 
t i m e  yaw s t e e r i n g  
i n i t i a t e d  . 
(Time of engine (105) C o e f f i c i e n t s  of t h e  impact p o i n t  l ong i tude  
cu t -o f f ,  a l t i t u d e ,  ve r sus  engine  cut-off  t i m e  curve f i t .  (F) 
t i m e  yaw s t e e r i n g  
i n i t i a t e d  

NXXLP2 Defined as above, b u t  f o r  a launch azimuth 
NRYLP2 of 145 degrees .  
XYLLPl 
FY12 
FY13 
**Refers t o  a launch azimuth of 45 degrees  
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Payload Determinat ion f o r  Synchronous O r b i t s  

NXSY Number of p o i n t s  i n  XSAZ a r r a y .  (I) 
msy Order of i n t e r p o l a t i o n  i n  XSAZ. ( I )  
XSAZ (Launch C10) Independent a r r a y  of launch  azimuth f o r  

a z  imut h) 100 n m i  c i r c u l a r  parking o r b i t s .  (F) 
FY4 (Launch (10) Dependent a r r a y  of cut-off weights  t o  

azimuth) 100 n m i  c i r c u l a r  park ing  o r b i t s .  (F) 

d 

- 
Stage Impact TRACE t o  100 n m i  Parking Orb i t  f o r  Synchronous O r b i t s  

NLXY 

NLRSP 
FYI4 (Launch 

azimuth) 

FYI5 (Launch 
azimuth 

Number of c o e f f i c i e n t s  f o r  t h e  s t a g e  
finpact trace ve r sus  engine cut-off 
t i m e  curve f i t .  Se t  equal  t o  7. ( I )  
Order of i n t e r p o l a t i o n .  S e t  equal  t o  7. (I) 
C o e f f i c i e n t s  of t h e  impact p o i n t  l a t i t u d e  
ve r sus  engine cut-off t i m e  curve f i t .  For 
a launch azimuth of 90 degrees .  (F) 
C o e f f i c i e n t s  of t h e  impact p o i n t  l ong i tude  
ve r sus  engine cut-off t i m e  curve f i t .  For  
a launch azimuth of 90 degrees .  (F) 

(7 1 

(7 1 

Vehicle  Informat ion  

APE ( 4 )  . Name of v e h i c l e  etc.  (A) 

NSTGS Number of s t a g e s  f o r  t h e  v e h i c l e .  ( 6 )  
VEPXW ( I t e m ,  Stage)  ( 3 , 3 )  Nominal v a l u e s  of t h e  i t e m  f o r  each s t a g e .  

4 word d e s c r i p t i o n  

(J = 1, 3 ) ,  (F) 
(I = I, NSTGS) I t e m  1 Thrus t  (Pounds) 

I t e m  2 ISP (Seconds) 
I t e m  3 Stage  Weight (Pounds) 

Exchange Ra t io  Information as a Funct ion of A l t i t u d e  

THRUST 

NPTA(1) ** 

FTA(J, I) 

* (Stage)  ( 3 )  ( i )  Number of a l t i t u d e  p o i n t s  f o r  XETA 
f o r  t h e  ith s t a g e .  (I) 
( i )  Order of i n t e r p o l a t i o n  f o r  t h e  ith s t a g e .  (Stage 1 

( A l t i t u d e ,  (15) P a r t i c u l a r  va lues  of a l t i t u d e  used w i t h  

s t a g e .  (F) 

( 3 )  

Stage)  t h e  t h r u s t  exchange r a t i o s  f o r  each 

( A l t i t u d e  , (15) Values of t h e  t h r u s t  exchange r a t i o s  
s t a g e )  f o r  each a l t i t u d e  and s t age .  (F) 

***I = 1, NSTGS 
J = 1, No. of A l t i t u d e ' P o i n t s  
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NPISA( I) (Stage)  ( 3 )  (i) Number of a l t i t u d e  p o i n t s  f o r  XEISA 

NRISA(1) ( s t a g  e) ( 3 )  ( i )  Order of i n t e r p o l a t i o n  f o r  t h e  ith 

XEISA(J,I) ( A l t i t u d e ,  (15) P a r t i c u l a r  va lues  of a l t i t u d e  used wi th  

FISPA(J,I)  (A l t i t ude ,  (15) Values of  t h e  ISP exchange r a t i o s  f o r  

a r r a y  f o r  t h e  ith s t a g e .  

s t a g e .  (I) 

(I) 

s t a g e )  t h e  ISP exchange r a t i o s  f o r  each s t age .  (F) 

s t a g e )  each a l t i t u d e  and s t a g e .  (F) 

S tage  Weight 

NPSWA(1) (Stage) ( 3 )  ( i )  Number of a l t i t u d e  p o i n t s  f o r  XESWA 

NRSWA( I) (Stage)  ( 3 )  ( i )  Order of i n t e r p o l a t i o n  f o r  t h e  i 

XESWA(J ,I) ( A l t i t u d e ,  (15) P a r t i c u l a r  va lues  of a l t i t u d e  used wi th  

a r r a y  f o r  t h e  i t h  s t a g e .  

s t a g e .  (I) 

(I) t h  

s t a g e )  t h e  s t a g e  weight exchange r a t i o s  f o r  
each s t a g e .  (F) 

FSWA(J,I) ( A l t i t u d e ,  (15) Values of t h e  s t a g e  weight exchange 
s t a g e )  r a t i o s  f o r  each a l t i t u d e  and s t age .  (F) 

3 Exchange R a t i o  Information as a Funct ion  of C 

FTC 
XETC 
NPTC 
NRTC 
FISPC 
XEISC 
NRISC 
FSWC 
XESWC 
NPSWC 
NRSWC 

Defined as above b u t  f o r  C i n s t e a d  
of a l t i t u d e .  3 
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Appendix C 
' .t 

C.1 GENERAL 

This  s e c t i o n  c o n t a i n s  t h e  d i c t i o n a r y  desc r ib ing  t h e  program op t ions ,  

mission,  and v e h i c l e  parameters.  The fo l lowing  i n s t r u c t i o n s  should be  r ead  

c a r e f u l l y  be fo re  t r y i n g  t o  i n p u t  t h e  program. Following the  op t ion  d i c t i o n a r y  

5s a c h a r t  d e s c r i b i n g  t h e  s e c t i o n s  of t h e  miss ion  and v e h i c l e  parameters  which 

must be i n p u t  f o r  t h e  va r ious  op t ions  s e l e c t e d .  

A l l  d a t a  are input: t o  t h e  program through NAMELIST. NAMELIST a l lows  t h e  

reading and w r i t i n g  of d a t a  wi thout  t h e  use of an inpu t /ou tpu t  l ist.  

NAMELIST must be re ferenced  by name. 

"ONE" . The f i r s t  column of a l l  d a t a  c a r d s  i s  ignored by NAMELIST. 

d a t a  ca rd  begins  wi th  a $ i n  column 2 followed by t h e  NAMELIST name "ONE". 

The name ONE i s  followed by one o r  more blanks.  

Each 

The NAMELIST name f o r  t h i s  program is 

The f i r s t  

Each i t e m  i s  i n p u t  as variable 
. . -  "<.name=constant followed by a c o m a .  A $END fo l lowing  t h e  l a s t  i t e m  i n d i c a t e s  an 

(1-. 

end of d a t a  t o  t h e  NAMELIST. The reader  i s  r e f e r r e d  t o  r e fe rence  9 f o r  a 
,- 

+idmple t i  a e s c r i p t i o n  of  NAMELIST. ' i  

There is a s l i g h t  v a r i a t i o n  i n  t h e  NWLIST formats  between computers. 

Inpu t  problems can b e  avoided by consu l t ing  a p r o g r a m e r .  

. ,  

(2.2 INPUT DICTIONARY 

C.2.1 Option Dictionary 
The fo l lowing  i s  a d e s c r i p t i o n  of t h e  op t ions  a v a i l a b l e  i n  t h e  program 

and t h e  FORTRAN v a r i a b l e  a s s o c i a t e d  by each. To select a n  opt ion ,  set: t h e  

appropr i aee  v a r i a b l e  name equa l  t o  number by t h e  p a r t i c u l a r  choice.  

C.2.1.1 Primary Computes Objec t ives .  The primary o b j e c t i v e  of  t h e  program 

i s  t o  determine payload t o  v a r i o u s  o r b i t s  as a func t ion  of mission and v e h i c l e  

parameters.  

as a func t ion  of miss ion  parameters. 

The program is  a l s o  capable  of determining a s t a g e  impact trace 

The u s e r  must select one of t h e  fo l lowing  

~ ._ opt : * m z  

c-1 
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NOPTl = 1 Payload de termina t ion  as a func t ion  of mission parameters .  

2 S tage  impact t r a c e  as a func t ion  of mission parameters .  

3 Payload de termina t ion  as a func t ion  of v e h i c l e  parameters.  

c.2.1.2 Typ es of Missions.  The fo l lowing  missions are a v a i l a b l e  i n  t h e  

program. The low e a r t h  o r b i t s  are achieved wi th  no yaw s t e e r i n g .  P o l a r  o r b i t s  

are achieved by us ing  a launch azimuth of 45 o r  145 degrees .  

synchronous o r b i t s  proceed f i r s t  through a 100 n m i  c i r c u l a r  parking o r b i t .  

u s e r  m a s t  select one. 

The h igh  energy and 

The 

NOPT2 = 1 Low Ear th  O r b i t  

2 Po la r  Orb i t  

3 High Energy 

4 Synchronous Orb i t  

C . 2 . 1 . 3  Types of Orb i t s .  There are t h r e e  types of o r b i t s  a v a i l a b l e  f o r  low 

e a r t h  and p o l a r  o r b i t s .  The use r  must p i c k  one i f  NOPT2 is  equa l  t o  1 o r  2. 

NOPT3 = 1 C i r c u l a r  

2 E l l i p t i c a l  

3 Per igee  i n j e c t i o n  onto  an e l l i p t i c a l  o r b i t  and c i r c u l a r i a t i o n  
a t  apogee.. 

The fo l lowing  op t ions  are i n i t i a l l y  set t o  1 by t h e  program. I f  t h e  f i r s t  

c h o i c e  of each opt ion  w i l l  s a t i s f y  t h e  u s e r ' s  needs,  then  no f u r t h e r  i n p u t  is  

necessa ry  from t h i s  s e c t i o n .  

C.2.1.4 Payload Option. 

f i n a l  answer p r i n t e d  as c u t o f f  weight,  g ros s  o r  n e t  payload. 

This  op t ion  g ives  t h e  use r  t h e  choice of having the  

NOPT4 = 1 Cutoff Weight (pounds) 

2 Gross Weight (pounds) 

3 New Weight (pounds) 

C.2.1.5 Output of Option 1. This  opt ion  i s  only used i f  NOPT2 and NOPT3 

e q u a l  one. The payload output  may be p r i n t e d  as a func t ion  of azimuth running 

c-2 
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a c r o s s  t h e  page and a l t i t u d e  running down, o r  t h e  reverse, where a l t i t u d e  runs 
11 

across and az imuth  down. 

NOPT5 = 1 Payload output  as a func t ion  of launch azimuth a c r o s s  t h e  
page wi th  a l t i t u d e  down t h e  page. 

2 Payload as a f u n c t i o n  of a l t i t u d e  a c r o s s  page and azimuth down. 

(2.2.1.6 Output of Option 2.  

copies  of t h e  output .  

This  op t ion  a l lows  t h e  u s e r  t o  make m u l t i p l e  

NOPTG = N,Pr in t s  N copy(s)  of  ou tput .  

This  o p t i o n  g i v e s  t h e  u s e r  two p r i n t  op t ions .  The output  from each 

v e h i c l e  may be p r i n t e d  on s e p a r a t e  pages,  o r  as much informat ion  as p o s s i b l e  

f o r  several vehicles may b e  p r i n t e d  on one page. 

NOPT7 = 1 P r i n t s  r e s u l t s  from 1 vehicle p e r  page. 

2 P r i n t s  r e s u l t s  f o r  s e v e r a l  v e h i c l e s  per page. 

(2.2.1.7 Curve F i t  Option. This op t ion  a l lows  t h e  u s e r  t o  curve f i t  t h e  s t a g e  

impact t r a c e s .  

t i m e .  The program then curve  f i t s  t h e  p o i n t s  us ing  t h e  method of least squares .  

The c o e f f i c i e n t s  are output  on c a r d s  which can  be s t o r e d  i n  t h e  d a t a  banks. 

The l a t i t u d e  and longi tude  p o i n t s  are inpu t  as a f u n c t i o n  of 

To select t h i s  op t ion  inpu t  t h e  fol lowing c a r d ,  s t a r t i n g  i n  column 2. 

$ONE NOPT8 = 2 $END. This  i s  done because t h e  curve f i t  r o u t i n e s  r ead  

p e r t i n e n t  i n f o m a t i o n  i n  themselves.  They a l s o  use t h e  NAMELIST name ONE. 

The curve f i t  r o u t i n e  i s  designed t o  gene ra t e  d a t a  t h a t  can  be s t o r e d  d i r e c t l y  

i n  t h e  d a t a  banks. In  o rde r  t h a t  t h i s  op t ion  perform p rope r ly  i n p u t  t h e  

informat ion  t o  be  c u w e  f i t t e d  i n  t h e  follow-ing manner. 

a l t i t u d e s  o r  C3s f o r  which i m p a c t  traces are t o  be curve f i t t e d .  Do t h i s  by 

inpu t ing  t h e  fo l lowing  c a r d ,  s t a r t i n g  i n  column 2. $ONE NSE = n $END. Here 

n i s  t h e  number of a l t i t u d e s  o r  C3's. Then t h e  r o u t i n e  r eads  the  f i r s t  set of 

l a t i t u d e  and time p o i n t ,  which correspond t o  t h e  f i r s t  a t t i t u d e  o r  C 3 .  A f t e r  

curve f i t t i n g  t h e s e  p o i n t s  t h e  c o e f f i c i e n t s  are s t o r e d  on ca rds .  Then t h e  

program reads  ano the r  set of 1a.titucle p o i n t s  and repeats t h e  process .  

t h e  program has curve f i t t e d  the  l a t i t u d e  p o i n t s  f o r  a l l  a l t i t u d e s  o r  C 3 ,  then 

I n d i c a t e  t h e  number of 

Af t e r  
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i n p u t  t h e  long i tude  p o i n t s  i n  t h e  same manner. For each curve f i t ,  t h e  d a t a  is  

i n p u t  i n  NAMELIST SONE as descr ibed  i n  Sec t ion  8. For  each complete set of 

l a t i t u d e  and long i tude  c o e f f i c i e n t s  t h e r e  are two a d d i t i o n a l  ca rds  punched. 

I 

The first card c o n t a i n s ,  s t a r t i n g  i n  column 7 

DATA N--/ 

The fo l lowing  ca rds  c o n t a i n  t h e  c o e f f i c i e n t s .  To use  t h e s e  c a r d s ,  i n s e r t  

t h e  c o r r e c t  number f o r  t h i s  d a t a  i n  t h e  -- l o c a t i o n s ,  then i n s e r t  t h e s e  ca rds  

i n t o  t h e  d a t a  bank f o r  the a p p r o p r i a t e  v e h i c l e .  See Appendix B ,  Sec t ion  3 t o  

de te rmine  t h e  appropr i a t e  FY name, 

C.3 PARAMETER OPTION COORD 
This s e c t i o n  i s  t o  he lp  t h e  

parameters  must be inpu t  f o r  t h e  

NATION 
u s e r  determine which v e h i c l e  and miss ion  

p a r t i c u l a r  choices  of t h e  o p t i o n s  s e l e c t e d .  

L i s t e d  below are t h e  v a r i o u s  combinations of Options 1, 2 ,  and 3 t h a t  t h e  

program w i l l  run. Under each combination i s  a l is t  of t h e  s e c t i o n s  from 

Dic t iona ry  C.4 t h a t  must be  i n p u t  t o  o b t a i n  a run. 

S e c t i o n  1 of d i c t i o n a r y  C.4 must always be  i n p u t  f o r  any combination of 

o p t i o n  excep t  f o r  o p t i o n  8. 
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N O P T l  

I 

1. 

2 

2 

2 

3 

3 

NOPT2 

1 

2 

1 

3 

NOPT3 

1, 2, 3 

3 

3 

3 

SE C TIONS 

4 

3 

5 

4, 

3,  

6 

7 

3, 

NOPT8 8 
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C.4 MISSION AND VEHICLE PARAMETER INPUT DtCTiONARY 

The fo l lowing  d i c t i o n a r y  is  d iv ided  i n t o  s e c t i o n s  which are sepa ra t ed  by 

I f  a p a r t i c u l a r  s e c t i o n  i s  a p p l i c a b l e  t o  t h e  u s e r ' s  problem, h o r i z o n t a l  b a r s .  

then a l l  in format ion  between the  b a r s  m u s t  b e  suppl ied .  

also l i s t e d .  

i n t e g e r .  

The v a r i a b l e  type  is  

An "F" i n d i c a t e s  a f l o a t i n g  p o i n t  v a r i a b l e ,  an "I" i n d i c a t e s  an 

Maximum 
S e c t i o n  Var i ab le  Name Dimension Descr ip t ion  

I NOVEH 1 The number of d i f f e r e n t  v e h i c l e s  t o  b e  
considered f o r  t h e  run. ( I )  

NOvE(1) 10 P a r t i c u l a r  v e h i c l e s  des i r ed ,  see 
(1=13 NOVEH) Vehicle  Dic t iona ry  E. (I) 

2 NALT 1 Number of d i f f e r e n t  a l t i t u d e s  t o  be  
Considered. (I) 

A L T ( 1 )  10  P a r t i c u l a r  a l t i t u d e s  f o r  c i r c u l a r  o r b i t s .  
(F) * 

(I=l, NALT) P e r i g e e  a l t i t u d e s  €or  e l l i p t i c a l  o r b i t .  

NFLAG = 1 i n p u t  launch azimuth 

IFF 

NAZ 

= 2 i n p u t  o r b i t a l  i n c l i n a t i o n  (I) 

U s e  only i f  NFLAG-2. 

= 1 n o r t h e r l y  launch 

= 2 sou the rn ly  launch 

1 Number of d i f f e r e n t  launch azimuths (I) 

A Z O )  10 P a r t i c u l a r  launch azimuth d e s i r e d .  S e t  

AINC (I) 10 P a r t i c u l a r  va lues  of o r b i t a l  i n c l i n a t i o n  

NALTA 1 Number of apogee a l t i t u d e s  t o  cons ider .  (I) 

ALTA(1) 10 P a r t i c u l a r  apogee a l t i t u d e s  des i r ed .  (F) 

(I=l, NAZ) t o  45 o r  145 for p o l a r  o r b i t s .  (F) 

(I=l, NAZ) (F) 

(I=L, NALTA) 

3 N d 3  1 Number of high energy missions des i r ed .  (I) 

c3 (1) 10 P a r t i c u l a r  va lue  of C 3  des i r ed .  (F) 
(I=l, NC3) 

4 NTY AW (I) 10 . Number of times t o  cons ider  yaw s t e e r i n g  t o  
(I=l, NOVEH) begin  f o r  t he  I t h  veh ic l e .  (I) 

(I=l, NOVEH) 
TY AW ( 3 ,  I ) (5, 10) T i m e  a f t e r  l i f t o f f  t o  begin yaw s t e e r i n g .  (F) 

(J=1, 5) 
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Maximum 
Sec t ion  Variable N a m e  Dimension Descr ip t ion  

5 NTBOS (I ) 10 Number of t i m e  p o i n t s  i n  s t a g e  impact 

DTBOS (I) 10 Time  s t e p  i n  impact trace p e r  veh ic l e .  

TBOST (I ) 

(I=l, NOVEH) trace p e r  v e h i c l e .  (I) 

(I=l, NOVEH) (F) 

( 1 ~ 1 ~  NOVEH) (SEC) (F) 
10 T i m e  t o  s tar t  impact trace p e r  veh ic l e .  

6 NSYHC 1 . = 1 Equa to r i a l  synchronous o r b i t  hover 
p o i n t  s p e c i f i e d .  (I) 

= 2 Equa to r i a l  synchronous o r b i t  Launch 
azimuth f o r  pa rk ing  o r b i t  s p e c i f i e d .  
(Also Inpu t  Sec t ion  2)  

= 3 Synchronous o r b i t  a l t i t u d e  hover 
p o i n t  s p e c i f i e d .  

= 4 Synchronous o r b i t  a l t i t u d e  launch 
azimuth f o r  parking o r b i t  s p e c i f i e d .  
(Also Inpu t  Sec t ion  2 )  

ALONn (I) 10 Longitude (degrees)  of  d e s i r e d  hover  
( I = l >  NOVEH) p o i n t  p e r  v e h i c l e .  (F) 

The fo l lowing  informat ion  i s  f o r  ob ta in ing  runs f o r  v a r i a t i o n s  i n  the  v e h i c l e  

parameters.  F i r s t  t h e  d e s i r e d  mission parameters should be s e l e c t e d ,  then  t h e  

s t a g e s  and item s e l e c t e d  f o r  change must b e  i n d i c a t e d  t o  t h e  program i n  increas-  

i n g  order .  That is, i f  two s t a g e s  of a three-s tage  v e h i c l e  are t o  changed, then  

t h e  lower must be i n d i c a t e d  f i r s t ,  The i t e m s  must b e  taken i n  t h e  fo l lowing  o rde r :  

t h r u s t ,  ISP, and s t a g e  weight.  

Maximum 
Sect ion  Var i ab le  N a m e  Dimension Desc r ip t ion  

7 NSTAGS (I) 10 Number of s t a g e s  on which parameter  
(1=19 NOVEH) v a r i a t i o n s  are t o  b e  performed p e r  

v e h i c l e .  (I) 

NSTAG(J I )  (3,101 P a r t i c u l a r  s t a g e  t o  be  changed. (I) 
. ( J = l ,  NSTAGS(1)) 

(I=l, NOVEH) 

(J=19 NSTAGS(1))to be  va r i ed  f o r  a given s t a g e  and 
(I=l, NOVEH) veh ic l e .  (I) 

ITEPlS ( J , I )  (3,lO) , Number of i t e m s  (veh ic l e  parameters)  

ITEM (K,L) ( 3 , 3 )  P a r t i c u l a r  i t e m  t o  b e  va r i ed .  (I) 
( K = l ,  ITEMS ( J , I ) )  = 1 For a v a r i a t i o n  i n  Thrust  

( L = l ,  NSTAGE (J,I)) = 2 For a v a r i a t i o n  i n  ISP 

= 3 For a v a r i a t i o n  i n  S t a g e  weight 

c-7 
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Maximum 
Sect5on Var iab le  N a m e  Dimension Des cr i p  ti on 

DELPR(K,L) (3,3) Desired change i n  a p a r t i c u l a r  i t e m  
( K = l ,  ITEMS(J,I)) p e r  s t age .  (F) 

(L=l, NSTAGE(J,l)) DELTA ITEM 1 in % 
DELTA ITEM 2 i n  see. 
DELTA ITEM 3 i n  % 

NSET 

NP 

Number of d i f f e r e n t  a l t i t u d e s  o r  C3 
f o r  which trace is des i red .  (I) 

Number o f  p o i n t s  f o r  t h e  independent 
v a r i a b l e .  (I) 

TIME (100) The independent v a r i a b l e  t i m e .  (F) 

TRACE (100) Dependent v a r i a b l e  ( l a t i t u d e  o r  
l ong i tude )  corresponding t o  t i m e  a r r ay .  
(F) 

C.5 VEHICLE. DfCflONARY 

This  d i c t i o n a r y  d e f i n e s  t h e  c u r r e n t  v e h i c l e s  and a s s o c i a t e d  missions for 

whi& d a t a  are s t o r e d .  To select a v e h i c l e ,  s e t  t h e  v a r i a b l e  NOVE(1)  from 

DicE5onary D equa l  t o  t h e  correponding number. 

Exchange R a t i o  Function 
Number Vehic le  M i s s  i o n  A l t i t u d e  c3 

P. SATURN IB 1, 2 ,  3. * 
SATURN V 516 1, 3 
SATURN V 2 s t a g e  1, 2 ,  3 * 
TITAN 3C 1 

5 TITAN 3M 1 

Missdon Legend: 

1 Low Ear th  O r b i t  

2 R o l a r  Orb i t  

4 Synchronous O r b i t  
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This appendix contains sample runs from the program. These runs are to 

demonstrate the various output formats which are available. 
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I -  
%& 

,'. . 

C A L L  S Y h C H  
1 3  CO'!TIY?IE & ^  

ic- C A L L  f Y P T l  ( 7 )  
GO TO 2 . .  
E r\; D 

e 

I .  .' . 
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R E T U R Y  
3 CONTIf ' i lJE 

CALL C ~ J R V E  
GO T O  1 
END 
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B I P F T C  SUE12 
SU8liOtlT I NF RANK ( I G 1 
Gi) TO ( 1 9 2 9 3 9 4 9 5 9 6 9 7 9 8 ) 9 I G  

1 COST I ?.ilJE 
CALL V F H l  
RETURN 

2 COYTINUE 
C A L L  VFH2 
2ETURY 

3 C O N T I U U E  
CALL VEH3 
R f ' f U R N  

4 C O h f I N U E  
C A l L  VFH4 
RETURN 

5 CONIIYUE 
C A L L  VEH5 
RETURV 

6 COYT 1 NUE 
RETURN 

7 C O N T I N U E  
RETURN 

8 C O N T I U U E  
RETURN 
E N D  
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C 

1 2  

C 

C 

2 0  
C 

2 1  
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WRITE'  f N R I T  , 2 0 0 )  X X ( Z l 9 P L ( K )  

W K I T E ( V R I T 2 )  X X ( 2 ) 9 P L ( K ) e ( E R R ( L L e l ) e L L = l o 4 ]  
2 5  C O N T I N U E  

GO TO 40 
I 30  C O ' \ I T I N U E  

P L (  1 =oEa 
40 T"YTIN1JE 

A V ( N O P T 1  o E O o 3 )  f?ETURt\l 

c 

W R I T E  4 h R I T 2 )  NFRR 

DO 7 0  I T Y = l t M O ? T 6  
C A L L  PRPLNY 

70 C O N T l N C l E  
R E T U R N  
END 

5 0  COVTI :U IJ€  
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5 0  CONT 1 NUE 
DO 70  F f Y = l e h ! C P T 6  
C A L L  P Q P L Y  

70  C O N T l Q t J E  
RETURF\! 
END 
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NO S T A G E S  
NO O F  S T A l j E S  FOR PARAF4 V E R A T I O N  

C f4b'i A t ;  I S T A G F a V E W )  ' P A R T I C U L A R  STAGF 
c I T r V S  I S T A G F  0VEH 1 Y O  OF I T E Y S  T O  CHANGE 
i 5 Y C P r  $ f f E Y a S T A G E )  P A R T I C U L A R  I T E M  
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c I T E M  1 T H R U S T  
c I T E P  2 ISD 
c I ? F V  3 S T A G F  WT 
c VENOV ( I T E P s S T A G E  1 N O M I N A L  V A L U E S  3F I T E M S  
c F I A  ( A L T )  V A L U E S  3 F  E X R A T S  FOR I T E Y  I 
c X E I A  ( A L T )  A L T  % T U D E S  
c Y P I A  ( S T A G E )  NO O F  P O I N T S  
c N R I A  ( S T A G E )  ORDER OF I N T F R P O i A T I O N  
c F I C e X F I C s Y P I C e N R I C  D E F I N E D  A S  ABOVE B U T  FCNS OF C 3  
c 

REKh'llhlD N R I T 2  
DO 60 I = 1 9 K O V F H  
C A L L  R A N Y ( N O V E ( 1 ) )  
W R I T E  ( N R I T Z )  N S T G S  
W R I T E  ( Y R I T 2 1  A M E l r  AI"IE2r A P E 3 w A M E 4  
WR I T E ( NR I T 2 1 GP F C P A. P! E T P 
W R I T E  ( Y R I T 2 )  ( ( V E N O ~ ( J I , K S ) s J I = 1 9 ~ ~ 9 ~ ~ ~ 1 9 N S ~ G S )  
C A L L  P L V Y W  

W R I T E  ( Y R I T s 2 0 0 )  PL(l1 
c 
c 

J S T G = Y S T A G S (  I f 
D P A Y S = O e  
DO 5 0  ~ = ~ P J S T G  
K S T G = N S T A G ( J , I  1 
K I T M S = I T E M S ( E S T G a I  1 
D P A Y  I=Ce 
DO 4 0  K = l c K I T M S  
L I TM= I T € Y  ( K 9 K S T G  1 
GO TO ( l O 9 . I O s l O ~ 2 0 9 1 O )  g N O P T 3  

10 C O N T I N U E  
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P- ausst 

P 
HUNTSVILLE 

2 1 COYT I NU€. 
e TWHUST 

C A L L  ANUYR ( K S T G 9 Y P T C r N S U S )  
C A L L  I N T L A  ( O P ~ P F T C ( N S U B )  + X E T C ( N S U B )  s N P f C ( K S T S 1  B N ? T C ( K S T G )  P C  

GO T O  '33 
2 2  C O Y T I N U E  

1 9 C 3  ( 1 et\P!S 1 

f I SP 
C A L L  AYUIV'R ( K S T G c N P I S C s Y S U B )  
C A L L  I N T L A  ( ~ P ~ ~ F I S P C ( N S U R ) ~ X E I S C ( ~ ~ S U ~ ) ~ ~ F ~ S C ( K S T ~ ) $ ~ ~ ~ S C ( K S T G )  

GO TO 30 
23  C O N T I N U E  

c STAGF' WT 

l r C ~ C 3 ( l )  P A N S )  

C A L L  A V t W R  ( K S T G  PNPSWC 9NSUB 1 
C A L L  I P ! T L A  ( O s 1 9 F S W C ( N S U R l  9XESWCfNSUR1 9 N P S W C ( K S T G )  , K i 3 S k f C ( e S T G l  

l * C : p C 3 f l )  s A N S )  
30  C O " \ T I N U E  

P A Y = D E L P R (  L I T P v # S T G l * A N S  
If 

200 F O R Y A T ( 7 ( 1 X E f 2 r 5 )  1 
W R I T F  ( N R I T 9 2 0 3 1  A N S B P A Y  
W R I T E  ( Y R I T ? )  A N S B P A Y  

D P A Y I = f W A Y I + P A Y  

D P A Y S = O P B Y S + D P A Y I  

c 

40  C O V T I N U E  

5 0  C O Y T I Y U E  
C 

P T = P L  ( 1 ++PAYS 
W R I T E  ( N R I T 2 )  D P A Y S P P ~ P ( E R R ( I ~ ~ ~ ) , I ~ ~ ~ P ~ ) B N E R R  

c 
60  CONT' INUF 

C A L L  EXOUT 
RETURN 
END 
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3 8  CONTINUE 
40 CONTINUE 

DO 70 I T Y = l p N C P T 6  
C A L L  PRLLY 

70  CONTINUE 
WETURY 
E N D  
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11 

’ 1 2  
13 

C 

c 

14 

C 
20 
3 0  
40 
50  

7 0  

VRITE [ E R I  121 ( A L A (  L )  eLz1  PNEGS 1 
uRITE ( N R I T 2 )  ( A b O ( L ) e L = I t N R O S )  
C Q N T  I NUE 
GO T O  40 
c3 
CONTINUE 
CONTINUE 
CONT I NUE 
COST E NUE 
00 70 ITY=leQCPT6 
CALL P R L L Y  
C B N T  I QUE 
E T U R N  

EUD 
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2 CONTINUE 
f F I N G P T 4 a G T c b )  C A L L  R E D U C R ( P L B N A Z P N A L T )  
C A L L  O T P N Y ( l r P 0 4 )  
GO TO ( 3 9 5  1 9 N O P T 5  

3 COI\ITGNUE 
C A Z  ACROSS 

DO 4 K = L e N A t T  
IFtNSeGTsO) C A L L  O T P N Y ( I 9 P O A )  
WR I T E  f '.IR I T 9 20@ 1 

4 COrVTlNlJE 
GO TO 5 0  

5 CON7 KNUE 

A 1  T ( K 1 9 ( P L  ( L 9 K f 9 (ERR (LL, L, K),  LL=1,4),  L=1, NA Z )  

C A 2  OOWN 

DO 6 K - l e N A Z  
C A L L  C O U V T ( 1 g l s N S )  
I F f N S e G T e O )  C A L L  O T P N Y ( 1 , P C A )  
W R I T E  C pJ!? I T 9 3 0 C ) A Z  ( e l  9 A I N C  ( K  1 9  ( P L  ( K ,  9L) c(ERR(LL, I(, L), LL=1,4), L = l ,  NALT) 

6 C O N T I N U E  

10 C O Y T I Y U E  
GO ro 50 

C EtLIPT I € A t  O Q B I  T S  
DO 11 J = l , N A Z  
YU'I=O 
MU2=NALTA 
90 3 3 1  Y = l e Q A L T  
M U I = U L I 1 + 1  

R E A D (  Y R I  T 7  ) 
M U l = F / U 3  
MU? =MI1 2 9 N A  LT A 

( P L  ( J g L  1 g ( ERR f L1. ,J ,  L)  9 L L = l 9 4  1 9 L = M U l  $ M U 2  1 

3 3  I C @ % T  1 YiJE 
11 C O N T I N U E  

I F I E I O P T 4 a G T o l )  C A L L  R E D U C R ( P L e N A Z 9 N A L T A i ~ N A L l f  
C A L L  O T P N Y  (IPPCA) 
GO T O  [ 1 2 , 1 5 ) e N O P T 5  

1 2  C O N T I N U E  
C A 1  ACROSS 

L = O  
DO 1 4  J = I r N A b T  
50 13 K = l o N A L T A  
L=L+1 
C A L L  C O U N T ( 1 e l a N S )  
f F ( N S e G f a O t  C A L L  O T P N Y ( I 9 P C A I  
WRITE ( h ! R I T  94.00 ) A L T  (J1 9 A L T A  ( K . 1  u ( P L ( M 9 L  1 e(ERR(LL,M, L), LL=1,4),  M = l ,  N A Z )  

13 C O % T f N l J E  

GO T O  50 
1 5  COYTI '4UE 

c A Z DOWN 

14 c o v r m t i ~  

L=O 
DO 16  J = l e f \ l A Z  
C A L L  C O U N V ~ l P l P N S )  
I F f l i l S a G T ~ 0 )  C A L L  O T P N Y ( I P P C A )  
W R I T E  t N R I T  s40@ 1 A.Z I J1 * A I [ N C  ( J  1 B ( P L  ( J P L  1 *(ERR(LL, J ,  L), LL=1,4)$ L = l ,  1) 

16 C O N T I N U E  
GO TO 5 0  
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* '  2 ! ~  C O N T I N U E  
~. - C 3  DOWN 

DO 2 1  J = l r l L ' A Z  
L=O 
DO 333 K = l 9 ? K 3  
L = L + l  
R E A D ( R R I T . 2 )  P O A ( L ) e P L ( J ~ t f c ( E R R f L h c J P L I P L L 3 1 9 4 )  

3 3 3  C O N T I N U E  
21  C O N T I N U E  

X F ( M O P T 4 ~ G T s l l  € A L L  R E D U C R ( P L e N A Z r N C 3 )  
C A L L  OTPNY ( I e P O A I  
GO T O  1 2 2 ~ 2 4 1 e N O P T 5  

2 2  C O N T I N U E  
C A Z  ACROSS 

DO 23  J = l p h ? C 3  
C A L L  C O U N T ( I P P , N S )  
I F 1 N S o G T e O f  C A L L  O T P N Y ( I 9 P C A )  
WR I T E  ( YR I ? 9 50C 

2 3  C O Y T I V U E  
GO TO 5 0  

24 CONY~INUE '  
C A Z  DO\nlY 

POA ( J)  9c3 d B ( P L  ( K t J t ( E R R t L L ,  K ,  J) ,  LL=1,4), K = l  , NAZ) 

DO 2 5  J l l o N 4 Z  
WR I T E  

25  COtVTINlJE 
30  CONTINUE 
50 CONTINLTE 

?I R I T B 4OO 1 A Z ( J 1 9 A I N C ( d ) 9 ( PL ( J t K 1 9 ( E R R  (LL, J ,  K), LL= 1,4), K =  1 ,  N C 3 )  

R E A D  ( N R X T 2 1  MERR 
I F ( P I E R R  c C T e  0 1 W R I T E  ( R R  I T 9?iQOO) 

60 C O N T I N U E  
R E T 1) R CU 
END 

. S;IRFfC SUR20 
S U R R O U T I N E  PRPLY 
C O M ~ O N / O P T C O ~ / N O P T L P N O P T ~ ~ ~ C P T ~ ~ ~ O P T ~ ~ N C P T ~ ~ N O P T ~ ~ ~ O ~ T ~  
COY'VOrY /CSTCO"/  U P G ~ ~ E ~ C ~ ~ K ~ P I E ~ R A D ~ C ( ~ O ) ~ ~ ~ ~ E D ~ ~ R ~ T ~ N R I T ~  
COMMON / M I S C O I " /  A Z ( 1 0 1  P N A Z ~ A L T ( ~ Q )  ~ N A L V P A L T A ( ~ O )  P N A L T A ~ C ~ C L C J )  t N C 3  

COMMON / Y k WCOM / T YAW ( 5 9 1 0 ) 9 Pd T Y A W  I 1 0 1 
COMMO'\I /ERRCOM/ E R R ( 4 s 1 0 c l . O )  ~ N E R R Q P A E R R  
COMPON /VEHCOM/ N S T G S , V E ~ O ~ l ( ~ t 3 ) 1 A ~ E ~ ~ A ~ E Z ~ A ~ E ~ ~ ~ ~ ~ 4  
CO'4MON / L I N C O M /  L C 9 L v A X e N P A C E  
COMMON / A L A C O M /  P L ( 5 0 9 1 0 )  ~ P O A ( 5 0 0 1  
COMMON/VGTCOY/  GPFCe A N E T P  

1 e A I N C  C 10 c NOVEH PNOVE ( 10) 

200  F O H ~ A T ( / l 4 X F 7 e Z c l / X 5 ( F 1 0 e 2 9 4 4 L g l X ) )  
300  F O R N A r ( / 9 X F 7 e 2 9 1 6 X 5 ( F l O ~ ~ ~ 4 A ~ ~ l X ) )  
400 F O R M A T ( / 9 X F 7 s 2 e 3 X F 7 e 2 9 6 X 5 ( F 1 0 e 2 e 4 A l e l X 1 )  

3000 F O R M A T ( / / s 1 3 X 9 3 7 H *  ( X X )  E X T R A P O L A T I O N  P,EYO:iQ D A T A  B A V K )  
REWIND N R I V Z  
DO 60 % r l $ N C V E H  
R E A D ( N R I T 2  t A M E 1  eAt?EZaAb!E3eAPE4 
R E A D ( N R I T 2 )  GPFCeANETP 

C A L L  C & P T  
I F  (hIOPT7 eECSe, l o O R a  I B EOe 1 1  C A L L  M I S S  
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GO TO 50 
5 CONTINUE 

DO 6 K = l p N Y A W  
CALL C O U N T ( l e X @ N S )  
XF(NSoGTe0) CALL O T G N Y ( f e P O A 1  
WRITE t NR ITP 300)  

6 CONTINUE 
GO TO 50 

10 COVTENUE 

TYAW( K B I 9 ( P L (  k a h .  1 P ( E R R ( L L ,  K, L), LL=1,4), E = l ,  N A L T )  

c E L L E P T I C A L  ORBITS 
DO 13 J=1 9NYAW 
YU2=IVALTA 
M U l = O  
DO 331 K = I g N A L T  
MU]. =MU14 1 
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c T I M E  YAW DOWN 
t - O  
DO 16 J = I e N Y A W  
C A L L  C O l I N T ( l e l s N S 1  
EF(NSeGTa0) C A L L  OfPNY(IePCA) 
W R I T E (  Y R I T  9400) T Y A W (  J e  I f 9 ( P L ( J 9 L )  P ( E R R ( L L ,  J, L), LL=1,4),  L = l ,  NO) 

16 CONTINUE 
GO TO 50 

20 CONTINUE 

30 CONVTIYUE 
50 CONTINUE 

€ C3 

READ t i \ ! R I P Z f  MERR 
f F L N E Y R  e G T a  0 )  N R I T E t N K I T ~ 3 0 0 0 )  

60 C O N T I N U E  
RETURN 
E N D  
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RETURN 
E N D  
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t 

TR-796-9-594 
a) 

~ Z H : ~ I S S I O F I  - PAYLOAD DETEXIUYATION FCIH LOW E A R T H  ELLI 

GWIISSIO;\~ - PAYLOAD C E T E R M I N A Y I C Y I  f-ori L O K  E A R T H  E L L I  

I P T I C A L  O R R I T / 3 7 X 9 3 3 H A N D  C I R C U L A R I Z I N G  O r i B l T  A T  APOGEE) 
70 F O R ~ ~ B f f / o ? 7 X 9 ~ ~ ~ ~ ~ I S S I O N  P A Y L O A D  D E T E R M I N A T I O N  FOR H I G H  E’J tRGY YI 

E‘C F O R q A T ( / c 2 7 X t 5 6  K S S I O N  - SYNCHRONOUS C R r j I T  A L T I T U D E )  
81 F O R Y A T ( / 9 2 7 X p ~ 5 n Y f S S I O N  4 E Q U I T I O R I A L  FATITH SYP!CHR@NOVS OH2ITI 
90 ~ O R ~ ~ T ( / ~ ~ ~ X P ~ ~ H ~ I ~ S I O ~ J  - S T A G E  I X P A C T  P O I N T  T R A C E  FOR LON E A K T t I  C 

I O U  F O K ~ A T ( / o 2 7 X o b S H M I S S I O N  a S T A G E  IMPACT P O I K T  TRACE FOR LOKr E A K T H  E 

I : ?  F O R ~ ~ A T ( / P ? ~ X ~ ~ ~ H W I S S I O N  e STAGE I M P A C T  P O I N T  T R A C E  F3R LOW E A R T H  E 

121, F O R ~ A T ( / s ? 7 X s 5 9 H ~ I S S I O N  - STAGE IXPACT P O I q T  TRACE FOR H I G H  ENERGY 

1 3 S S I O N . S )  

1 t L f  PP I C A L  O R 5  I T I  
i’ 

l L L I P T I C A L / 3 7 X a 3 3 H U P B I 7  AND CIRCULARIZING AT APOGEE)  

1 M I S S I O N S )  
C A L L  PAGF 

GO T O t 1 9 2 ~ 3 1  r X l C W T 1  
. . LC=2 

1 C O N T I Y U E  
i C** * * *PAYFOAD D E T E R M I N A T I O N * * * * *  
L GO TO ( o 9 5 6 6 9 7 9 8 ) 9 , v O P T 3  

4 W R I T E I ~ ! R I T B ~ O )  
R E T U R V  I i .. 

5 W R I T E ( N R I T 9 5 0 t  I 

6 wri r YE ( w r I 60 1 

3 P 
R E T U R N  

RETURN 
7 W R I T E  rdf? I T  9702 

R E T U R N  
8 COYTINIJE 

4ETWRN 
2 COVTINUE 

I 

C*****STAGE I V P A C T  P O I N T  TRACE** * * *  
GO TO (9rlCclB,12913)oNOPT3 

9 W R I T E ( V R I T 9 9 0 )  
RETtJCiY 

10 W R I T E ( N R I T 9 1 Q G )  
R E T U R N  

11 W R I T E  ( YK I T e 1101 
‘IETURN 

1 2  W R I T E ( Y R I T P I ~ ~ J  
R E T U R N  

1 3  CO%Y I VUE 
I F  ( N S Y * \ ! C e G T o 2  i 
f F I N S Y K  B L T S  9 3 

WRITE( N R I  T P 8 0  1 
WR I T E  ( N R I  T 9 8 1, 

R E T U f i N  
3 C O ” 4 T I Y U E  

Q€TU;Z‘V 
END 
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H U NTSV I L L E 

$IBFTC SUB30 
S U R F O U T I Y F  R O T ( A t \ I G B A )  
DIMENSION A ( 3 9 3 )  

‘C ANG I N  R A D I A Y S  
C = C O S ( A N G )  
S = S I N ( A N G )  
DO 1 1 - 1 9 3  
00 1 J = 1 9 3  
A ( J ~ 1 1 z O e  

1 C O V T I N U E  
C 9 Q T A T I P r V  A S O U T  THE X - A X I S  

A (  1,1 ) = l e  
A 2 e 2  ) =C 
A (  2 9 3  ) = S  
A I  3 9 2  1 =-S 
A t  3 e3 =c 
R E T U R N  
END 
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TR-796-9-594 
-.-mpao -- 

HUNTS V I L L E 

Q N S V = O e  
QC 40 L L V = L V S P L V F  
.U=NSS 

. I .  ' = ( L L V - 1 ) * I X Y Z + I I I  
ANSK 0 e 

DO 3 G  K = K Z S o K Z F  
L = L + I X J  
A N S J z U c  
MJI=hAS 

DO 2 0  . J = J Y S e J Y F  
L = L + I X S - 1  
ANS=Oo 
DO 10 I = I X S , I X F  
L = t + l  
ANS=Ph!S+C ( I 1 +tF  ( L 1 

10 C O V T I N U E  

k j = M + l  

A N S J = A N S J + C ( P ) * A N S  
L = L + L F X  

2 0  C O N T I N C J E  
AN S = A  r\l S J 

N = N + l  
ANSK=ANSK+C(  tc 1 *ANS 
L=L+LFY 

30  COIU'PINUE 
ANS=ANSK 

L = N 1- + 1 

X F  ( r d D I q e E G e i )  R E T U R Y  

IF ( N D E M a E O e 2 )  RETURN 

I F  I N D I ' * q c F O e 3 )  R E T U R N  

A N S V = A Y S V + C  (FJL 1 * A N 5  
40 C O N T I N U E  

AN S = A Y SV 
R E T U R Y  
END 

B I S F T C  SUR33 
S U R R C U T I N E  CFCOF ( L ~ Y ~ X X B C P N S S N F )  
D I Y E N S I O V  C ( 1 )  
C ( l ) = l a  
DO 1 I = ~ P K  
C( I )=C(%-l ) .X-XX 

I CONTIVUE 
Y S = L  
4 F = L + Y - 1  
RETURN 
END 



TR-796-9-594 . .  
HUNTSVILLE 

I = I - P  
I F  ( X X e G E s X ( 1 ) )  GO T O  20 

10 C O N T I N U E  
20  C O V T I N l J E  

Y =  I +NO 
I F  ( P I o L E a N X f  GO T O  30 
N=NX 
I =NX-ND 

30 CONTINCJE 
DO 5 0  W z I 9 i ' l  

S = l a  
ss= 1 D 
A X = X  (I< 1 
DO 40 L = I  9N 

IF ( K e F Q s L I  GO T O  1 0  
S = S + I X X - X ( L ) )  
S S = S S * ( A X - X ( L )  f 

c ( K  ) = S / S S  

R E T U R N  
E N D  

40 C O N T I N U E  

50 C O l V T I N U E  

$ IPFJC S U R 3 5  
SUHROUTI r \ lE  C 3 A L T  ( N S ~ A P P A A ~ C ~ )  
C O U F O N  / C S T C W /  U P G ~ R E  9 C N Y K t P I E 9 K A D s C  (5Q) 9NREDeNR I T  9 N R I  T 2  

C Y S = 1  C3=F(PLT) 
C NS=2  A L T = G ( C 3 1  C I R C U L A R  O R B I T S  ONLY 

GO TO ( 1 9 2 1 9 / 4 S  

C 3 ~ 0 . 2  o *U / ( 2 o * K E-kCNMK it  ( AP+ A A 1 1 
1 CONT IPJtJE 

RETURN 
2 C O N T I N U E  

AP = -U IC3 
AA=AP 
RETURY 
END 
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BI9FTC SUR38 
S U R R C U T I V E  ANUMR ( I  e N I  B N )  
D I M E N S I O Y  N I ( 3 )  
N = l  

K = f - 1  
DO 1 J = l a K  
h l = N + N f ( J )  

1 CONTIRIUE 
RETURN 
END 

' I F  ( I a E Q a l )  FIETURN 

ISFTC SUR39 
SURROUTIVE REDUCR(PLcN9M) 
COMMON /WGTCOM/ GPFC 9 A N E T P  
COMMON / 3 P f C O M /  N O P T I ~ N C P T ~ ~ N O P T ~ B N O P T ~ ~ N C P T ~ ~ N ~ P T ~ ~ ~ ~ P T ~  

c G P F C  - GROSS WT FROM CUT OFF WT 
C ANETP - NET P A Y L O A D  FROM GROSS WT 

D I Y E N S I O N  P L ( l e 1 )  
A = G P F C  
IF f N B P T 4 e C T e Z  1 A=A+ANETP 
DO 1 I = l a N  
DO 1 J = l c M  
P L ( I s J f = P L ( I , J ) - A  

b C O N T I N U E  
-, RETURN 

E N D  
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=am- 

HUNTSVILLE 

S I R F T C  SUB40 

m" 
I . . i  

I .  

L4 

SUBHOUI 1 . k  C O U N T ( M P ~ N P A ~ N S )  

IF( (NP+LC)  & L T @ L M A X )  GO T O  2 

COMPlPW ' 1  i,t.'*COM/LC 9 L v A X  D NPAGE 
fqs-,. -_ . 

LC=O 
NS=l 
CALL P A G F  

2 C O N T I N \ E  
L C  = LC+ NP A 
R E T U R V  
END 

, .,+I_ 

m 

"- . c .. 

k c  

f . "I . 
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SIBFTC SUR45 

C 
N A M E L Z S T  / B N E /  T S M E B T R A C E ~ N S S T ~ N P  

P 

C 
10 F O K M A T ( 1 H l e S X S O W T H E  C O E F F I C I E N T S  GENERATED I N  T H I S  SUBROUTINE 

1 /55H WILL BE PUNCHED ON CARDS I N  DATA S T A T E M E N T S  TO 6 E  U S E D  
2' /55H B Y  THE PROGRAM@ h L L  THE USER NEED DO I S  PUNCH "THE 
'3 /55H CORRECT NUMBER FOLLOWING FY ON THE F l R § T  CARD AND 
4 /55H THE L I M I T S  ON IB CONSULT THE S E C T I O N  DESCRIBING 
5 55H D A T A  BLOCKS I N  THE DECK WRITE UPe 

11 F O R M A T t 6 X 1 O H D A T A  F Y  / 1 
1 2  F O R M A T l l X 4 A 4 )  
13 F O R M A P ( % X 6 H T I M E  3 1 1 X F 9 ~ 2 ) )  
9 4  F O R M A T f I X 6 H T R A C E  9 ( 1 X F 9 6 2 ) )  
1 5  FQRMAT(lX,3H A O E 1 5 e 8 ~ 3 X 3 H A 1  E 1 5 r 8 9 3 X 3 H A 2  E15e893X3Hh3 E 1 5 r 8 /  

13H A 4 E 1 5 e 8 t 3 X 3 H A 5  E 1 5 e 8 9 3 X 3 H A 6  E 1 5 e 8 0 3 X 3 H A . 7  E 1 5 a 8 / 3 #  A A E 1 5 e 8 9  
23HA9 E 1 5 c R )  

16 FORMAT ( 5 X 1 A X  9 1 x 4  (E15 
17 FORMAT f 5 X I  A l p  1 XE I 5  D 8 c 8 ~ b H ~ ~ E b 5 ~ 8 ~ b W P )  

r 
L 

WRITE l N R I T s d O l  
' C  
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$ I R F T C  SLfS4t5 

C 
SURROUTSNE C F I T (  X 

c 
C 
e 
C 
C 
C 
C 
c 
C 
c 
c 

AY OF I N D E P E N V  VARUARLES 
A Y  OF DEPENDENT VAWfABLES 

NP &OB OF POI .NTS I N  A I 0  AND ADV 
ND% DEGREE OF CURVE FSV 
COE ARRAY OF COEFFICIENTS 
SE STA%\EDARD ERROR OF E S T I M A T E  
P I a D E X  OF M U L T I P L E  CORRELATION 

F D E T E R M I N A T I O N  
RD D E V I A T I O N  

NSL SOLUTION INQbCAYOR MUST BE ZERO 
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TR- 7 9 6 - 9 - 5 9 4 -- . -z 
HUNTSVILLE 

c 

c 
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t3 190 
t3 i G 0 .  
B 2 0 0  
3 2 0 0  
B 3 0 0  
d 3 0 0  
t 5  4uc  
€3 4 0 0  
B 500  
€3 5 0 0  

B -60 
H -60 
8-40 
5-40 
8-20 
B-2 3 
B 3  
B O  

B - 6 0  
0-60 
H-40 
H-4C 
t3-29 
H-23 
t j c j  
B O  



TR- 7 9 6-9-5 94 
-.-- - -- 

HUNTSVILLE 
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